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FOREWORD 

This  study  is  an  attempt  to  determine  the  extent  of  technological  progress  in  the 
meatpacking  industry.   A  satisfactory  approximation  of  the  progress  to  date  in  this  indus- 
try is  an  important  step  in  comparing  the  rate  of  technological  change  in  the  meatpacking 
with  other  industries.    This  subject  is  of  economic  importance  not  only  because  of  the 
magnitude  of  the  livestock  and  meatpacking  industries,    but  also  because  of  uncertainty  as 
to  the  effects  of  newer  production  techniques  developed  during  the  last  few  decades. 

The  study  is  one  of  a  series  concerned  primarily  with  an  examination  of  various  as- 
pects of  the  economic  efficiency  of  the  livestock  economy.    Others  in  the  series  deal  with 
the  effects  of  wide  seasonal  fluctuations  in  livestock  marketings  on  both  production  and 
processing  operations.    This  work  was  undertaken  by  the  group  in  Agricultural  Economics 
at  the  University  of  Chicago  under  an  Agricultural  Marketing  Act  of  1946  (RMA,    Title  II) 
contract.    The  former  Bureau  of  Agricultural  Economics  acted  as  contracting  agent. 
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SUMMARY      ^ 

During  the  last  several  decades  developments  in  refrigeration,    transportation, 
power,    and  chemical  and  biological  research  have  had  a  pronounced  effect  on  the  meat- 
packing industry.    The  resulting  technological  progress  has  not  been  spectacular,    but  it 
has  made  a  significant  contribution  to  increasing  the  output  of  the  industry. 

A  number  of  problems  arise  in  nneasuring  change  in  an  industry  over  a  30-year 
period.    In  consequence  considerable  attention  has  been  given  in  this  study  to  the  analyti- 
cal framework  and  techniques  to  be  employed  in  measuring  technological  progress.    On 
the  basis  of  this  examination  it  was  concluded  that  the  net  input-output  approach  is  supe- 
rior to  either  the  measurement  of  labor  productivity  or  the  production-function  approach 
for  the  purposes  of  this  study. 

Computations  based  on  the  net  input-output  approach  indicate  that  the  input  required 
by  the  meatpacking  industry  to  produce  a  given  output  probably  fell,    by  roughly  25  per- 
cent or  more  from  1919  to  1947.    Reduced  input  of  capital  and  an  increased  output  from  a 
given  volume  of  livestock  are  the  two  principal  reasons  for  this  progress. 

No  doubt  a  number  of  meatpacking  plants  could  make  better  use  of  presently  known 
production  techniques  than  they  are  now  doing.    It  is  probable,    however,    that  further  sig- 
nificant increases  in  efficiency  in  the  industry  as  a  whole  will  be  dependent  on  further 
technological  developments --particularly  those  that  will  make  possible  the  performance 
by  mechanical  means  of  certain  tasks  that  are  now  done  by  labor--rather  than  on  the 
wider  adoption  of  present  techniques. 
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TECHNOLOGICAL  PROGRESS  fN  THE  MEATPACKING  INDUSTRY;  1919-47 

By  Vernon  W.  Ruttan 

Research  Associate  in  Agricultural  Economics 

University  of  Chicago 

INTRODUCTION 

Economic  progress  is  generally  thought  of  in  terms  of  a  rising  level  of  consumption 
or  real  income  per  person  (6^,    p.    Z).     Such  progress  can  flow  from  an  increase  in  knowl- 
edge,   which  provides  the  means  for  greater  output  with  expenditure  of  a  given  quantity 
of  resources.    Or  it  can  come  through  substitution  of  other  factors  of  production  for  la- 
bor in  such  a  way  that  real  income  per  person  rises,    even  though  the  ratio  of  output  to 
total  input  remains  unchanged,    Econoraic  progress  which  results  from  a  change  in  knowl- 
edge is  known  as  technological  progress. 

In  our  society  a  constantly  rising  level  of  real  income  has  come  to  be  expected  as  a 
natural  consequence  of  economic  activity.  Therefore,  it  is  important  for  us  to  know  how 
much  of  economic  progress  in  the  past  has  come  from  improvement  of  techniques  in  use 
of  resources  and  how  much  from  increase  in  the  resources  used.  This  report  discusses 
several  methods  for  measuring  the  contribution  that  technological  change  has  made  to 
output.  Each  of  these  methods  is  examined,  and  one  of  them  is  used  to  nneasure  the  con- 
tribution made  by  technological  change  in  the  meatpacking  industry  from  1919  to  1947. 

Contradictory  claims  have  been  put  forth  regarding  technological  progress  in  this 
industry.   Students  of  the  productivity  of  labor  have  pointed  out  the  apparent  lag  in  output 
per  unit  of  labor  input  in  the  meatpacking  industry,    compared  with  other  industries  (14, 
pp.    44-47;   16,    p.    1095).   At  the  same  time,    members  of  the  industry  have  pointed  to 
rapid  strides  in  mechanization,   to  efficient  use  of  byproducts,    and  to  the  contributions 
toward  more  efficient  use  of  animal  products  that  have  been  made  by  research  in  the 
biological  and  chemical  sciences  (j^;  ^,    pp.    908-909;  32), 

-'■  Underlined  numerals  in  parentheses  refer  to  Literature  cited,  page  11, 
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A  HISTORY  OF  MECHANICAL  AND  SCIENTIFIC  DEVELOPMENT  IN 

THE  MEATPACKING  INDUSTRY 

Since  its  emergence  before  the  Civil  War,   the  meatpacking  industry  has  passed 
through  four  stages  of  development- -the  country  slaughterhouse;  winter  slaughtering  and 
packing  plants;  year-round  meatpacking  plants;  and  the  present  integrated  food-processing 
establishments.    Throughout  this  period  of  development,   the  major  operations  performed, 
if  not  the  methods  used  in  performing  them,   have  remained  relatively  unchanged.   In 
brief,   animals  are  killed,    eviscerated,    either  depilated  or  skinned,    "chilled,  "  and  then 
cut  into  primal  cuts  which  are  either  sold  fresh  or  processed  further  (cured  or  canned). 
The  byproducts  and  edible  offal  or  variety  meats,    such  as  tongue,   liver,   and  heart,    are 
separated  out.   Finally  the  fresh  and  processed  meats,   and  the  byproducts  are  disposed 
of  through  channels  of  distribution. 

The  industry*s  progress  through  these  stages  of  development  can  be  traced,  in  large 
measure,  to  developments  in  refrigeration,  transportation,  and  power,  and  to  the  appli- 
cation of  results  of  research  in  biology  and  chemistry. 

Refrigeration  has  played  perhaps  the  dominant  role.   Before  the  Civil  War,   packing 
plants  operated  mainly  in  winter.  In  the  1860*s,    coolers  were  developed,   built  on  the 
same  plan  as  large  iceboxes.    The  top  floor  of  a  packing  plant  was  a  huge  ice  bunker  with 
air  ducts  leading  to  the  processing  and  storage  areas.    During  the  late  seventies  and  the 
early  eighties,    mechanical  ice  manufacturing  machines  were  perfected  and  adopted  by 
meat  packers.   When  these  machines  were  developed,   a  refrigerating  medium  for  chilling 
in  the  coolers  had  to  be  worked  out.   The  first  attempts  consisted  of  pumping  chilled  brine 
through  iron  coils  hung  along  the  ceiling  (18,   pp,    16-17),   By  the  early  1900*s  two  methods 
were  in  general  use: 

(1)  The  brine -spray  method,  which  consists  of  spraying  chilled  brine  in  a  deck  under  the 
ceiling  of  the  cooler  roof,  and  (2)  a  combination  of  the  brine -spray  method  and  ammonia 
coils  (2,   p.    3), 

During  the  last  15  years,   most  of  the  new  coolers  installed  were  of  the  unit  type, 
which  uses  unitary  forced  air -circulating  machines  with  wetted-surface  ammonia  coils. 
This  type  of  refrigeration  distributes  air  uniformly;  it  can  be  adapted  to  automatic  con- 
trols; and  it  saves  space.  Also  the  initial  investment  is  lower  than  for  other  types    (L,   p. 

4). 

Use  of  refrigeration  in  railroad  freight  cars  permitted  wider  distribution  of  fresh- 
meat  products  from  central  slaughtering  plants  and  made  possible  the  growth  of  large- 
scale  meatpacking  firms.    The  first  practical  refrigerator  car  was  designed  by  G.   H, 
Hammond  in  1871  (l^,   p.    17).    These  first  refrigerator  cars  were  essentially  boxcars 
with  V-shaped  ice  bunkers.   By  1900  better  insulating  methods  were  adopted  and  ice 
bunkers,    containing  ice  and  salt,   were  placed  at  each  end  of  the  car  (22,   p,   112),  Almost 
no  changes  in  design  were  made  between  1900  and  1946,   although  shippers  were  dissatis- 
fied with  the  lag  in  use  of  modern  refrigeration  techniques  by  railroads  and  private-car 
lines  (22.   p,    112),  After  World  War  II,  however,   there  were  experinnents  with  forced  air 
circulation,  improved  methods  of  insulation  (use  of  fiber  glass),   rolling  equipment  that 
permitted  refrigerator  cars  to  travel  at  express -train  speeds,    dry-ice  refrigeration, 
and  mechanically  refrigerated  cars  (34),   Which  of  these  techniques  will  prove  to  be  best 
over  a  period  of  time  is  not  known. 

During  the  last  30  years,   packing  connpanies  have  turned  increasingly  to  motortrucks 
for  hauling  and  delivery.   It  has  been  said  that  progress  in  refrigeration  techniques  is 
further  advanced  in  the  field  of  motor  transport  than  in  railway  transport  (34,   p,    120), 

A  third  development  basic  to  the  growth  of  the  packing  industry  was  the  development 
of  the  electric  motor.   Between  I860  and  1900,   individual  boiler  and  engine  rooms  were 
located  throughout  plants.   Boilers  were  fired  by  hand  and  power  was  transmitted  by  line 
sheifts  and  belt  drives  (J^,   p.    27).   About  1900,   the  larger  firms  began  to  install  central 
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powerplants  and  motors  using  alternating  current.   Even  though  the  older  types  of  power 
installations  had  been  almost  completely  replaced  as  early  as  1915,   the  application  of 
power -using  equipment  has  increased  tremendously.    Motors  have  been  developed  that 
fit  the  requirements  of  almost  every  operation,   from  the  compressors  of  refrigeration 
machinery  to  the  latest  power  saws  and  knives.   As  an  indication  of  the  rate  at  which 
electric  power  was  adapted  to  the  needs  of  meat  packers,    M.    D.   Harding,   formerly  gen- 
eral superintendent  of  one  of  the  large  plants,   says  that  in  this  plant  the  use  of  power 
increased  sixfold  between  1919  and  1930  (18,   p.    28). 

A  visit  to  a  modern  packing  plant  shows  that  wherever  operations  can  be  standard- 
ized they  have  been  mechanized.    Canning,    one  of  the  first  auxiliaries  added  to  the  pack- 
ing plant,   is  almost  completely  mechanized.   Before   1930  trimming,    stuffing,    compres- 
sing,  and  soldering  were  done  by  hand.    Today  machinery  does  these  operations  auto- 
matically and  continuously  (_18,   p.   23).    Casings  have  been  cleaned  mechanically  since 
the  early  twenties.    Sausage  stuffing  and  linking  machines  have  been  developed  which 
eliminate  most  of  the  hand  labor  involved  in  processing  sausage  (7_,   pp.    176-177).    On  the 
killing  floor  itself,    conveyor  systems,    which  were  introduced  as  early  as  1890,   move 
the  animals  from  the  slaughtering  pens  past  the  workers  who  do  the  dehairing  or  skinning 
and  the  eviscerating,   into  the  coolers  and  again,    after  the  carcass  is  chilled,    past  the 
cutting  tables.   In  recent  years,    successful  dehairing  machines  have  operated,   and  me- 
chanical saws  and  knives  have  speeded  up  the  cutting  operations  (18,   pp.    19-20),   But 
many  operations  in  meatpacking  plants  are  still  done  by  hand. 

Research  in  the  biological  and  chemical  sciences  by  meatpacking  firms  has  been  a 
rather  recent  development,   despite  the  long  history  of  byproduct  utilization  in  the  indus- 
try.  Before  World  War  I,   packinghouse  laboratories  were  for  control  rather  than  for 
research  (7,   p.    45).   As  an  indication  of  the  rapid  growth  of  chemical  and  biological  re- 
search, the  National  Research  Council,   which  in  1930  listed  only  90  professional  and 
technical  research  workers  in  packinghouse  laboratories,  in  1946  listed  613  such 
workers  in  the  five  largest  packing  firms, ^  Along  with  this  change  came  a  shift  of  em- 
phasis toward  development  of  new  products,   such  as  pharmaceuticals,   and  aji  increase 
in  the  market  value  of  existing  products. 

Fats  and  oils  have  perhaps  received  more  attention  by  packinghouse  chemists  than 
any  other  byproducts.   This  has  been  especially  true  since  the  highly  competitive  vege- 
table oil  substitutes  were  developed.   Before  the  dry-rendering  process  was  developed 
in  the  mid  twenties,  methods  of  rendering  animal  fats  had  changed  very  little,    except  for 
improvements  in  the  filtering  process,    since  before  1850  when  steam  rendering  was  in- 
troduced (l^,   pp.    23-24,    27),    Dry  rendering  resulted  not  only  in  better  lard;  it  also 
produced  cracklings  of  higher  economic  value.   As  the  cracklings  no  longer  undergo  de- 
composition in  the  rendering  process  and  as  their  protein  content  is  higher,  they  can  be 
used  in  animal  feeds  rather  than  in  fertilizers  (IS,   pp,    23-24,    27).    During  the  early 
forties  a  suitable  hydrogenation  process,   which  raises  the  melting  point  and  improves 
the  texture  of  the  product,   was  perfected  and  adopted  (49).  In  the  last  few  years,   anti- 
oxidants have  been  developed  to  improve  keeping  quality  and  to  delay  rancidity  (3_  pp. 
180-181). 

Curing  and  smoking  processes  have  changed  rapidly  in  the  15  years  since  quick 
curing  of  hams  by  arterial  pumping  was  developed.    This  process  reduces  the  time  re- 
quired for  curing  from  6  to  8  weeks  to  a  few  days.   With  the  development  of  a  satisfactory 
method  of  injecting  bacon  sides  with  the  curing  solution,   the  process  has  been  developed 
to  a  point  at  which  it  will  eventually  replace,   to  a  considerable  extent,   the  older  methods 
of  curing  (^).   It  has  been  estimated  that  quick-curing  techniques  have  reduced  by  a  third 
the  space  required  to  cure  a  given  quantity  of  meat  (40,   p.    132), 

2   Obtained  by  tabulating  the  listings  in  Bulletins  81  and  113  of  the  National  Research  Council  (50;  20). 
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Results  of  recent  research  in  curing  and  packaging,   along  with  a  shift  in  consumer 
demand  toward  processed  meats,   have  permitted  packing  firms  to  market  a  larger  pro- 
portion of  their  products  in  more  highly  processed  forms.    Census  of  Manufactures  data 
show  that,   in  terms  of  value,   the  percentage  of  livestock  products  marketed  as  fresh 
meat  fell  from  56  percent  in  1929  to  51  percent  in  1947.  Among  processed  meats,    sales 
of  canned  meats  and  sausage  have  increased  most.    Changes  have  occurred  even  in  the 
marketing  of  fresh  meat.    Many  of  the  final  cutting  and  trimming  operations  formerly 
done  by  hand  in  the  retail  market  are  now  done  by  machinery  in  the  packing  plant.   In 
many  localities,    quick  freezing  of  meats  now  permits  housewives  to  buy  their  meat  onal- 
most  a  complete  self  service  basis,   if  they  wish  (1_9;  30), 

Both  the  American  Meat  Institute  Foundation,   an  industry  research  organization  cif- 
filiated  with  the  University  of  Chicago,    and  several  of  the  firms  in  the  industry  have  put 
forth  a  great  deal  of  effort  in  testing  the  nutritional  value  of  meat  and  meat  products.  One 
of  the  more  publicized  results  of  such  research  has  been  the  development  by  the  labora- 
tories of  one  firm  (2J)  of  a  line  of  prepared  meats  for  baby  diets.   Research  in  nutrition 
includes  promotional  as  well  as  developmental  investigations  (36,   p,    69). 

Chemists  have  recently  developed  a  method  of  brine -curing  hides  that  is  better  than 
the  usual  green-salting  method.    The  brine  cure  is  faster  and  more  uniform.   It  eliminates 
salt  stains,   produces  leather  of  clearer  grain,   and  requires  less  processing  space  (10), 

Development  of  pharmaceutical  preparations  from  the  glands  of  meat  animals  has 
also  been  emphasized.  Among  these,   until  the  recent  development  of  ACTH,    insulin  had 
received  the  greatest  attention.    Data  have  not  yet  been  developed  to  show  what  percentage 
of  total  sales  by  the  industry  are  sales  of  pharmaceutical  products.    Therefore,   the  eco- 
nomic importance  of  pharmaceuticals  to  the  industry  is  not  clear.   However,    an  economist 
for  a  large  packing  firm  has  said  to  the  author  that  his  company  considers  pharmaceuticals 
important  in  its  overall  profit  picture. 

Despite  the  high  degree  of  mechanization  in  modern  packing  plants  and  the  increase 
in  chemical  and  biological  research,    a  word  of  caution  is  needed  about  the  contribution 
technological  progress  has  made  to  output  during  the  last  20  years  or  that  it  is  likely  to 
make  in  the  future.   As  previously  mentioned  techniques  in  the  field  of  refrigeration 
changed  little  from  the  early  1900's  until  after  World  War  II.    Transportation  techniques 
have  not  changed  much  since  the  late  thirties.    The  growth  of  mechanization  and  use  of 
power  equipment,   which  was  rapid  after  World  War  I,   has  apparently  slowed  down;  al- 
though as  the  price  of  labor  rises  relative  to  that  of  capital,   new  uses  of  power  equipment 
can  be  expected  to  develop.   Packinghouse  engineers  are  giving  attention  to  "scientific" 
layout,   that  is,   to  more  efficient  use  of  existing  techniques.   But  apparently  the  possibili- 
ties of  increasing  efficiency  in  this  direction  in  the  near  future  are  rather  limited,    even 
though  they  may  be  fairly  great  for  some  firms. 

How  future  developments  in  chemistry  and  biology  may  affect  efficiency  is  hard  to 
evaluate.    Development  of  synthetic  substitutes  for  leather,   replacement  of  fat-consuming 
soaps  by  detergents,    development  of  synthetic  fatty  acids  and  synthetic  protein  substajices 
as  substitutes  for  meat  scraps  and  cracklings  (Vitamin  B12  ^^^  other  growth  factors), 
and  discovery  of  lower  cost  sources  for  pharmaceuticals  formerly  obtained  from  meat 
animals  tend  to  reduce  both  the  economic  value  of  packinghouse  byproducts  and  the  return 
of  funds  spent  on  some  developmental  research  (17;  25), 

Apparently  we  may  expect  investigation  to  show  that,    although  technological  progress 
in  the  industry  during  the  last  30  years  has  not  been  spectacular,   it  has  contributed  sig- 
nificantly to  the  increase  in  output  of  meatpacking  firms. 
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MEASURING  TECHNOLOGICAL  PROGRESS  IN  THE  MEATPACKING  INDUSTRY 

An  Evaluation  of  Alternative  Approaches 
for  Measuring  Technological  Progress 

The  appendix  discusses  the  several  methods  that  might  be  employed  in  measuring 
technological  progress  in  the  industry.    On  the  basis  of  this  discussion  it  seems  clear 
that  the  use  of  labor  productivity  to  measure  the  contribution  of  technological  change 
would  be  crude  at  best  and  might  often  be  misleading.   A  decision  as  to  the  relative  merits 
of  the  input-output  approach  and  the  production -function  approach  can  be  made  only  after 
considering  the  nature  of  the  industry  and  the  type  of  data  available.   In  the  case  of  the 
meatpacking  industry,   the  following  considerations  should  enter  into  a  choice  between 
these  two  approaches, 

1,  Although  the  information  needed  to  specify  the  form  of  a  production  function  for 
the  meatpacking  industry  apparently  is  lacking,   there  is  some  evidence  that  as  inputs 
vary,    output  varies  by  the  same  ratio  (that  is,   that  the  production  function  is  homogene- 
ous of  degree  one^).   In  table   1  are  data  showing  the  distribution  of  fixed  assets  and  the 
ratio  of  fixed  assets  to  sales  for  three  meatpacking  firms  for  1940,    1944,    and  1948, 
These  data  indicate  that  both  the  distribution  of  fixed  assets  and  the  ratio  of  total  fixed 
assets  to  sales  are  rather  consistent  for  these  three  firms.    The  largest  firm  is  approx- 
imately four  times  as  large  as  the  smallest  (size  being  measured  by  sales).  It  is  recog- 
nized that  the  lack  of  data  as  to  labor  input  is  a  serious  weakness,   and  that  if  data  were 
available  for  a  larger  sample  of  firms  less  consistency  might  be  noted.    But  the  data  pre- 
sented apparently  are  consistent  with  the  assumption  of  a  fixed  ratio  between  inputs  and 
output- -linear  homogeneity- -in  the  production  function  of  meatpacking  firms. 

2,  Although  it  would  be  unusual  for  a  firm  or  industry  to  experience  equilibrium 
conditions  indefinitely,   apparently  in  1929  the  meatpacking  industry  reflected  some  of 
the  conditions  normally  associated  with  long-term  equilibrium.    Inputs,    outputs,    and  new 
investment  were  rather  stable  from  1926  to  1929.   Evidence  regarding  1947  is  less  con- 
clusive.  Output  was  considerably  larger  in  1947  than  in  either  1946  or  1948.   Labor  input 
per  unit  of  output  declined  between  1946  and  1947.    New  investment  in  plant  and  equipment 
by  the  meatpacking  industry,    although  large    compared  to   prewar    years,    was    rela- 
tively small  compared  to  postwar  investment  by  most  other  major  industries. 

Whether   the    input-output   approach   or   the    use    of   distributive    shares   to  estimate 
the  constants  in  the  Cobb-Douglas  production  function  is  employed  depends  for  validity  on 
the  assumption  of  long-run  equilibruim  in  the  years  used  as  comparison  bases.   If,   there- 
fore,  there  was  a  significant  departure  from  equilibrium  conditions  in  1947,   the  relia- 
bility of  the  estimates  based  on  either  of  these  two  approaches  would  be  reduced. 

No  attempt  was  made  to  compare  technological  change  between  1937  and  the  other 
3  years--1919,    1929,   and  1947--for  which  data  are  presented  in  tables  2  and  3.    This  is 
mainly  because  the  conditions  of  equilibrium  do  not  appear  to  have  been  met  in  1937^^^^ 
For  this  reason  also  greater  caution  should  be  used  in  making  comparisons  between  1919 
and  1929  or  between  1919  and  1947  than  between  1929  and  1947. 


3  Homogeneity  of  degree  one  (that  is,  linear  homogeneity)  implies  that  whenever  all  inputs  are  doubled  (or  varied  by  any 
constant  ratio)  output  also  doubles  (or  varies  by  the  same  ratio). 

4  Apparently  in  1937  both  labor  and  capital  inputs  were  high  relative  to  value  added  (output),  as  presented  in  table  2,   esti- 
mate A.  This  is  accounted  for  by  the  fact  that  inputs  of  labor  and  capital  did  not  decline  in  proportion  to  the  decline  in  value 
added  during  the  depression  years.  In  estimate  B,   table  2,   the  low  input  relative  to  value  added  is  accounted  for  by  the  fact  that 
in  1937  the  index  of  livestock  input  used  in  estimate  B  is  unusually  low  relative  to  the  index  of  output.   This  resulted  in  an  un-  . 
usually  high  estimate  of  value  added.  A  brief  discussion  of  the  difference  between  estimates  A  and  B  is  presented  on  page  8 

A  more  detailed  discussion  is  presented  on  page  30.    The  procedure  employed  in  estimating  value  added  is  dis- 
cussed on  page  30. 
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TABLE  2. — Index  niimbers  of  normalized  input,  on  value-added  "base,  specified  periods 

Item 

Labor 

Capital 

Total 

Estimate  A: 
1929  prices: 

1919 

100 
SB 

128 
SO 

100 
67 

116 
56 

100 

155 

184 

90 

100 

117 

166 

62 

100 

1929 

114 

1937 

149 

j-^-^  r*»*«>.  ••••••••• •••••••••••••••••••••••• 

1947 0 

84 

1947  prices: 

1919 

100 

1929 

83 

1937 

132 

1947 

58 

Estimate  B: 
1929  prices: 

1919 

100 
61 
38 
74 

100 
54 
32 
66 

100 

107 

55 

B5 

100 
95 
46 
74 

100 

1929 

79 

1937 

44 

1947 c 

•80 

1947  prices: 

1919 

100 

1929 

68 

1937 

37 

1947 

69 

TABLE  3.— Index  numbers 

of  normalized  input,  on 

sales  "base. 

specified  periods 

Item 

Livestock 

Supplies 
other  than 
Livestock 

Labor 

Capital 

Total 

Estimate  A: 
1929  prices: 

1919 

100 
95 
96 
93 

100 
94 
96 
90 

100 
126 
149 
140 

100 
126 
149 
142 

100 
89 
90 
86 

100 
89 
90 
87 

100 

156 

129 

98 

100 

156 

198 

98 

100 

1929 

100 

1937 

100 

1947 

96 

1947  prices: 

1919 

100 

1929 

99 

1937 

103 

1947 

95 

Estimate  B: 
1929  prices: 

1919 

100 
97 
S5 
97 

100 
96 
84 
96 

100 
102 
114 
117 

100 
102 
114 
118 

100 
72 

■  69 
72 

100 
72 
69 
73 

100 

126 

99 

82 

100 

126 

114 

82 

100 

1929 

97 

1937 

88 

1947 

97 

1947  prices; 

1919 

100 

1929 

96 

1937 

SS 

1947 

96 
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3.  Neither  the  relative  prices  of  the  factors  of  production  nor  those  of  products  of 
the  meatpacking  industry  remained  unchanged.    In  the  section  on  the  input-output  ap- 
proach,   it  is  shown  that  if  technological  progress  is  neutral^   reliable  upper  and  lower 
estimates  of  technological  change  may  be  made.   If,   however,    innovation  is  not  neutral, 
these  upper  and  lower  estimates  are  not  independent  of  the  particular  combination  of  in- 
puts used  in  the  base  period. 

4.  Technological  progress  has  not  been  neutral  in  the  meatpacking  industry.    Despite 
the  fact  that  the  cost  of  labor  rose  relative  to  that  of  capital  (table  10),   an  absolute  de- 
cline in  the  input  of  capital  occurred  while  the  input  of  labor  remained  almost  constant 
relative  to  value  added  from  1919  to  1947  (table  3).    Thus,   an  indicator  of  technological 
progress,   whether  it  is  obtained  by  the  input-output  or  the  production-function  approach, 
will  not  be  independent  of  the  input  combination  used  in  the  base  period. 

Taking  into  account  these  limitations,    it  would  seem  that  the  input-output  approach 
is  superior  to  the  production-function  approach  for  measuring  technological  progress. 
Input-output  data  for  the  meatpacking  industry  are  presented  in  the  following  section. 

Presentation  of  Input-Output  Data 

Input  indexes  that  conform  to  both  the  net  input-output  definitions  and  the  gross  input- 
output  definitions  are  presented  in  table  2  and  3,      The  inputs  for  1919,   19Z9,    1937,  and 
1947  have  been  "normalized"  on  both  1929  and  1947  bases.'^     Thus,   the  indexes  always 
show  the  movement  of  input  relative  to  output  (output  is  always  held  at  100),   permitting 
the  reader  to  compare  the  cost  of  producing,    at  1929  prices,    the  1929  level  of  output 
under  varying  conditions  of  technology.   A  similar  comparison  can  be  made  on  the  basis 
of  1947  prices.     Tables  2  and  3  also  allow  the  reader  to  compare  the  movement  of  each 
index  relative  to  output. 

Two  methods  of  measuring  livestock  input  and  output  have  been  examined.    These 
methods  are  described  in  the  two  paragraphs  which  follow.   As  there  is  no  apparent  basis 
for  making  a  choice  between  these  methods,    two  sets  of  normalized  data  are  presented 
in  tables  2  and  3- -estimate  A  involving  one  method  of  measuring  livestock  input  and  out- 
put,   and  estimate  B  involving  the  other  method. 

The  output  series  on  which  estimate  A  is  based  was  obtained  by  deflating  Census  of 
Manufactures  data  on  the  value  of  sales  by  the  Bureau  of  Labor  Statistics  index  of  whole- 
sale meat  prices.    The  livestock  input  series  used  in  estimate  A  was  obtained  by  deflating 
Census  of  Manufactures   data  on  value  of  livestock  slaughtered  for  own  account  by  the 
Department  of  Agriculture  index  of  prices  received  by  farmers  for  meat  animals.    (See 
table  5.) 

The  output  series  on  which  estimate  B  is  based  was  constructed  by  weighting,   at 
1929  prices,    the  output  in  pounds  of  the  various  classes  of  meat  products  as  reported  in 
the  Census  of  Manufactures.    The  index  of  livestock  input  used  in  estimate  B  is  the  Fed- 
eral Reserve  Board  index  of  the  output  of  meat  products,   which  is  in  fact  an  index  of 
livestock  input.    (See  table  5.) 

The  series  on  input  of  supplies  other  than  livestock,    labor  input,    and  capital  input 
were  constructed  in  the  same  way  for  both  estimates  A  and  B.    Construction  of  all  of  the 
indexes  is  discussed  in  detail  in  the  appendix. 

5  Essentially,  as  is  discussed  more  fully  on  page  15   of  the  appendix,  technological  progress  is  neutral  if  a  technological 
change  results  in  an  increase  in  product  from  a  given  combination  of  factors. 

6  See  pages  24-28  for  a  discussion  of  the  net  and  gross  input-output  concepts. 

7  The  normalization  procedure  used  was  to  adjust  the  several  inputs  for  any  year    t  j  by  the  same  percentage  change 
that  occurred  in  output  between  tg  and  t  j .  This  normalization  procedure  is  permitted  by  the  assumption  of  constant  returns  to 
scale.   See  pages  4  and  5. 
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In  the  section  on  the  input-output  approach  in  the  appendix,    a  discussion  of  the  index- 
number  problem  is  presented  (pages   15  and  19)o    The  discussion  points  out  that  when 
relative  prices  of  inputs  and  products  change  between  the  beginning  year  {  t^)  and  a  later 
year  (  ^i  )  estimates  of  technological  change  based  on  the  input-output  approach  will  be 
biased  downward  if    t^   is  selected  as  the  base  year  and  upward  if  tj  is  selected  as  the 
base  year.    Because  of  this,   indexes  of  input  were  calculated  using  both  1929  and  1947 
prices.    However,    only  1929  price  weights  were  used  in  constructing  the  output  index. 
Thus,    even  the  most  optinnistic  estimates  of  technological  change  based  on  the  compari- 
sons of  net  input  relative  to  net  output,    as  given  here,   have  a  downward  bias.    Calcula- 
tions based  on  selected  cuts  of  fresh-meat  items  indicate  that  this  downward  bias  is 
probably  not  more  than  5  percent. 

Interpretation  of  Input -Output  Data 

Calculations  based  on  the  net  input-output  approach'indicate  that  the  input  required 
to  produce  a  given  output  fell,    by  roughly  one -fourth  or  more,   from  1919  to  1947.    More 
precisely,    computations  based  on  estimate  A  indicate  that  the  input  for  a  given  output 
fell  by  between  16  and  42  percent  and  those  based  on  estimate  B  indicate  a  decline  of 
between  20  and  31  percent. 

These  estimates  tend  to  indicate  that  technological  progress  in  the  meatpacking  in- 
dustry compares  fairly  well  with  progress  in  other  sections  of  the  economy.   Barton  and 
Cooper,   for  example,    show  that  in  agriculture  during  the  same  period  input  fell  relative 
to  output  by  slightly  more  than  30  percent  (2,   p.    123),   Work  by  Edwin  Holm  (as  yet 
unpublished)  indicates  that  technological  progress  occurred  at  an  annual  rate  of  1.  8  per- 
cent in  the  economy  as  a  whole  during  this  period.    This  figure  compounded  annually  for 
27  years,   indicates  that  between  1919  and  1947  input  declined  relative  to  output  by  39 
percent.   Holm  employed  a  Cobb-Douglas  type  production  function  rather  than  the  input- 
output  approach  used  in  this  study. ^ 

How  did  this  technological  change  in  the  meatpacking  industry  occur?  An  examination 
of  the  movements  of  the  individual  input  indexes  presented  in  table  3  indicates  that: 

1.  Livestock  input  fell  relative  to  sales  by  at  least  3  percent  and  perhaps  as  much  as 
10  percent  between  1919  and  1947. 

2.  The  input  of  supplies  other  than  livestock  rose  by  between  17  and  42  percent 
relative  to  sales,    partly  offsetting  the  fall  in  the  input  of  livestock  relative  to  output. 
That  the  input  of  supplies  other  than  livestock  should  rise  relative  to  output  is  consistent 
with  our  observation  that  a  higher  percentage  of  meat  products  was  sold  in  processed 
form  in  1947  than  in  earlier  years,    and  that  the  extent  and  quality  of  packaging  has  in- 
creased in  response  to  consumers'  tastes  and  rising  incomes. 

3.  Labor  input  relative  to  output  fell  by  between  13  and  28  percent  during  the  period. 
This  fall  occurred  almost  entirely  between  1919  and  1929.   Since   1929,    labor  input  in  the 
meat  industry  has  varied  almost  directly  with  output.    This  pattern  is  in  marked  contrast 
to  developments  in  the  economy  as  a  whole    (46,    pp.    76-77). 

4.  Capital  input  rose  relative  to  output  by  between  26  and  56  percent  between  1919 
and  1929,    largely  offsetting  the  fall  in  labor  input  per  unit  of  product  during  the  period. 
From  1929  to  1947,   however,    capital  input  fell  relative  to  output  by  between  44  and  58 
percent- -a  rather  renaarkable  example  of  capital-saving  innovation. 

8  The  computations  made  in  connection  with  this  study  indicate  that  output  of  the  meatpacking  industry  from  1919  to  1947 
rose  relative  to  input  by  between  19  and  73  percent  if  estimate  A  is  used  and  between  25  and  45  percent  if  estimate  B  is  used.  In 
comparison,  the  work  of  Barton  and  Cooper  shows  that  for  agriculture  as  a  whole  output  rose  relative  to  input  by  about  45  percent 
during  the  same  period,  and  the  work  of  Holm  leads  to  the  conclusion  that  for  the  entire  economy  output  rose  relative  to  input  by 
64  percent. 
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Apparently  then,   technological  change  has  been  obtained  principally  as  a  result  of 
two  types  of  innovation.    Since  1929,    capital- saving  innovation  has  resulted  not  only  in  a 
decline  in  capital  input  relative  to  output  but  also  in  a  decline  in  total  capital  inputs.   At 
the  same  time,   the  output  of  packinghouse  products  has  risen  relative  to  livestock  input 
by  perhaps  as  much  as   10  percent.   How  much  of  this  rise  has  been  achieved  by  increas- 
ing the  yield  of  given  products  from  a  given  input  and  how  much  by  devoting  a  larger 
share  of  the  total  input-to  production  of  new  and  more  highly  processed  items,    and  to  the 
assumption  by  packers  of  functions  formerly  performed  by  the  retail  butcher,    cannot  be 
ascertained.    But  it  is  certain  that  both  increases  in  yield  and  in  production  of  new  and 
more  completely  processed  items  have  meant  greater  efficiency. 
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APPENDIX 
A  CRITICAL  EVALUATION  OF  MEASURES  OF  TECHNOLOGICAL  PROGRESS 

The  Input -Output  Approach 

M.   A.   Copeland,    E.   M.    Martin  (2,   p.    127)  and  George  J.   Stigler  (39,   pp.   43-45)  have 
suggested  that  if  a  base  year     (^o  )  is    selected   in  whicha  firm  or  industry  operates  at  or 
near  equilibrium,    and  the  terms  entering  into  the  inconne   statement  of  a  second  year    (t^)  , 
in  which  equilibrium  conditions  also  hold,    are  corrected  for  changes  in  price,   the  percent- 
age difference  between  the  Laspeyre  input  index  and  the  Laspeyre  output  index  in  the 
second  year    (^i  Jmeasure  s  the  contribution  that  technological  change  has  made  to  output   be- 
tween   ^0  and    tj  . 

This  nnethod  yields  an  exact  measure  of  technological  change  only  under  rather  restric- 
tive conditionSo 

1  .     The  firm  (industry)  must  operate  under  conditions  of  equilibrium  in  both    fg   ^^^    ti. 

2.  The  production  function  must  be  homogeneous  of  degree  one   (constant  returns  to 
scale). 

3.  Prices  of  the  factors  of  production  relative  to  each  other  and  prices  of  the  products 
of  the  firm  (industry)  relative  to  each  other  must  remain  unchanged. 

4.  Technological  progress  must  be  neutral.   Neutrality  is  defined  as  follows:  Let 
f(x,y,a,b)  =  0  be  the  production  function  before  technological  change  (x  and    yrepresent  prod- 
ucts and   a  and   b  factors).    Then  technological  change  is  neutral  if,    and  only  if,    it  yields  the 
production  function     f(Tx,  Ty,a,b,)  =  0  when  7"  is  a  constant  greater  than  1   if  the  change  is 
progress . 

That  the  input-output  method  gives  an  exact  measure  of  technological  change  when  these 
conditions  are  fulfilled  can  be  shown. 

Consider  a  firm  that  employs  two  inputs,  a    and  b,   to  produce  two  outputs,    x  and  y,    and 
assume  that  the  four  restrictions  listed  above  holdo   Prior  to  technological  change  the  in- 
put-output ratio  was; 

Po"    ^0    +  Pq^     \ 
Between  t^    and  t^    two  changes  might  occur, 

1.    Prices  of  products  may  have  changed  relative  to  prices  of  factors  causing  output  to 
change.   But  as  there  are  constant  returns  to  scale  and  constant  relative  prices  of  factors 
to  each  other  and  products   to  each  other,    such  a  change  would  cause  all  inputs  and  all  out- 
put  to  rise  in  the  same  proportion.    That  is 


and  hence 

Po"  ^1  +    Po"  yi        Po"  ^0  +  Po'^  ^0 


Po"  ^1  +   Po     \        Po^   ^0  +  Po 


0 


2.    Technological  change  has  occurred.   As  the  technological  change  has  been  neutral, 
outputs  in   tj    are   Txj   and  TVi    instead  of  Xj    and  y^  ,    given  the  inputs  a^   and  b^  .    This  is  true 
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irrespective  of  the  size  of  3^  and  b^  .    The  measure  of  technological  change  then  would   be: 


Po'  ^^1 

+   PoTy, 

I 

'Po'^1 

+  Po"  y." 

Po'  ^1 

+  Po'  *>. 

.Po°   ^1 

+   Po'   ^. 

Po"  "o 

+  Po''  J'o 

Po'  ^0 

+  Po"  yo 

Po°    ^0 

+  Po'    ^0 

Po'    ^0 

+  Po"  ''o 

=  T 


If  the  production  function  is  not  homogeneous  of  degree  one,   the  indicator    of  tech- 
nological change  based  on  a  comparison  of  the  relative  movements  in  input  and  output  will 
prove  unreliable.   Suppose  that  technology  remains  unchanged.    Then  if  increasing  returns 
to  scale  hold,    an  increase  in  the  scale  of  operation  will  result  in  a  rise  in  output  relative 
to  input,   while  a  decrease  in  scale  will  result  in  a  fall  in  output  relative  to  input.    If  de- 
creasing returns  to  scale  hold,    an  increase  in  the  scale  of  operations  will  result  in  a  fall 
in  output  relative  to  input  while  a  decrease  in  scale  will  result  in  a  rise  in  output  relative 
to  input.    Thus,    if  constant  returns  to  scale  do  not  prevail,   the  input -output  method  will 
confuse  changes  in  scale  with  changes  in  technology.    There  is  no  way  to  avoid  this  diffi- 
culty in  using  this  method,    other  than  to  verify  that  the  returns  to  scale  are  in  fact  nearly 
constant. 

In  discussing  the  effects  of  changes  in  relative  price,    it  is  assumed,    in  case  I,   that 
only  the  relative  prices  of  factors  of  production  change  between   ^q   ^-^^   ^i  »   thus  permitting 
a  unique  measure  of  output.   After  discussing  the  effects  of  changes  in  the  relative  prices 
of  items  that  enter  into  the  input  index,    it  is  assumed,   in  case  II,   that  changes  in  relative 
prices  have  occurred  only  on  the  product  side,   thus  permitting  a  unique  measure  of  input. 
For  graphic  purposes,   the  additional  assumption  of  zero  change  in  technology  between    tQ 
and   tj    will  be  employed.    This  is  simply  a  limiting  case  of  neutral  innovation. 

Case  I.  --Assume  that  the  price  of  factory  rises  relative  to  the  price  of  factor  _6. 
Given  the  relative  prices  of  labor  and  capital  indicated  by  the  slope  of  Po    in   t^    (fig.    1), 
output  Xq   is  produced  at  minimum  cost  (atx^'  )  by  employing  a©    of  factor  a^  and  b^   of ^ .   In 
t^    after  the  rise  in  the  price  of  factor  a,    the  cost  of  producing  Xq    is  minimized  by  ennploy- 
ing    aj  labor  and   bj   capital.    If  in  constructing  the  index  of  'real  input,  '  prices  are  held  at 
the    tQ   level,   the  input  index  will  rise  as  one  moves  away  from  x^'    to  any  other  point  x^^ 
on   Xq  as: 

(1)  ^oPo'  +  ^Po"   <   «iPo'   +   ''iPo" 

or 

Thus,   the  Laspeyre  input  index  (Ci^/Cqq  )    based   on   prices  of  t^    shows  a  rise  in  input  re- 
quired to  produce  the  given  output  and  hence  suggests  technological  regression  when  none 
has  occurred.   Likewise,    the  Paasche  index  (  Cn/Coi  ),   based  on  the  prices  of  t^  ,  suggests 
technological  progress  when  none  has  occurred,   as: 


(2)  ^oPi'  +  hPi'    >    ^iPi'    +    ^ 


I'"! 


or 


^01     >    Ci, 
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Case  II.  --Assume  that  the  rate  at  which  product  x  and  j^  can  be  substituted  for  each 
other,    for  a  given  input,    is  defined  by  the  transformation  system  I^    (fig.    2).   If  in  t^  the 
input  is  given  as  Iq  and  the  prices  of  products  x_  and_y  (that  is,    the  rate  at  which  con- 
sumers are  willing  to  substitute  2L  a-^id  _2^  f o r  each  other  in  consumption)  are  defined  by  the 
slope  of  the  curve  Pq  ,   then  Oxq  of  x  and    Oyq  of  y   are  produced  in   ^q  .   In   tj,  after  a  shift  in  the 
relative  prices  of  x  and  y  ,    the  new  price  relationships  being  defined  by  Pj  ,   Qxj    of  x  and 
QKj    of  y  are  produced  if  outlay  remains  unchanged  in  both  t^   and  in   t^    (that  is,    if 

If  in  constructing  an  index  of  'real  output'  the  products  are  evaluated  at  to  prices  in 
both  periods,  the  output  index  falls  as  one  moves  away  from  Iq' to  any  other  point  7^  ■'  on 
Iq  .    Thus 


(3)  Xqp/    +  y^p^y  >  x^Pq-    +  y^p^y 


or 


^00    >    ^10 


Thus  the  Laspeyre  index  (  Riq/Rqo)  based  on  the  prices  of   t^   shows  a  decline  in  the 
output  obtained  from  the  given  input  and  hence   suggests  technological  regression  although 
none  has  taken  place.   Similarly,   the  Paasche  output  index  based  on  the  prices  of  t^    miis- 
leadingly  suggests  technological  progress,   thus: 

(4)  x^Pi'    +    XoP/    <   ^iPi""    +  ^iP/ 

or  ~       -  ■  :■' 

The  effect  of  relative  changes  in  price  is  to  make  the  input-output  method  an  inpre- 
cise  one  for  measuring  technological  change.   Fortunately  (for  relative  prices  have 
changed  in  meat  packing)  this  "index  number"  difficulty  can  be  at  least  partly  overcome. 
First,    assume  that  although  prices  have  changed  between    t^  and    t    ,   the  other  conditions 
given  on  page  15  are  satisfied.    Then  it  can  be  shown  that  the  Laspeyre  and  Paasche  in- 
dexes set  the  limits  between  which  the  "true"  measure  of  technological  change  must  lie. 
The  proof  follows  (the  case  of  two  products  and  two  factors  is  assunned  for  simplicity 
but  the  argument  is  clearly  quite  general). 

Before  the  technological  change,   the  output  bundle    (x^jy^)    was   produced  nnost 
advantageously  by  the  input  bundle     (30,6^)   .    The   same  output  bundle  after  technological 

change  can  be  produced  by  the  input  bundle   \j    »  y  /  •    At   t^  prices  the  bundle    fx^  ,  y    )  pro- 
duces the  revenue  /?oi  »  if  both  Xq    and  y.    were  increased  in  the  ratio  R     /R^     ,   the  revenue 
^11    could  be  produced.   But  as  returns  to  scale  are  constant,    this  expansion  in  output 
calls  only  for  an  expansion  in  inputs  in  the  same   ratio,   that  is  for  the  input  bundle 


In  fact,    revenue /?jj  at  date    t^   was  produced  by   (a       ^i)  '    If  equilibrium 


prevailed,    then  the  cost  of  producing  R^^    by    (a^  ,  b    )  must  have  been  less  than  producing 
it  by    /  _     „     , —  ).    ThatisC,,<    or 

where/*  is  the  Paasche  output-input  ratio. 
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Similarly,   the  revenue   Rqo   was  (because  of   the    equilibrium  assumption)   most  ad- 
vantageously produced  by   (sq  ,   bo  ).      But  as  technological  change  is  assumed  to  be  neutral 


'^1  ^  ^00    ^    ^  ^00 


and  returns  to  scale  constant,    it  could  also  have  been  produced  by   .  -, 

r     T  p  \      i<^  10 

Hence,     C,,    <     ''         °°      or 

0  0  n 

^  .    ^lo/^oo 

<- 10/^00 

where  L  is  the  Laspeyre  output-input  ratio.    Thus,    under  the  conditions  stated 
(7)  L<TSP  ■ 

However,    it  appears  that  technological  change  in  meat  packing  has  not  been  neutral  (see 
page  7.    The    consequences    of  this    are    as    follows:    Consider   the    outputs    (xq,  yo ) 
produced  before  technological  change  by    fa^,   bQ\  .    Technological  progress  will  reduce 
the  annount  of  inputs  required  to  produce    ^Xq  ,   Yq^    in  some   ratio,    say  T'  .    Then  all  of  the 
argument  leading  to  (5)  still  holds,    with  T  replaced  by  T' .    Thus  technological  change 
made  it  possible  to  produce   ^Xj ,   v^\    with  ^s^,   b^\    rather  than  with  inputs  (a  ^  T" ,  b^    T''') 
larger  by  the  ratio  T'^  than  would  have  been  required  in  the  absence  of  the  technological 
change.   When  technological  change  is  neutral,   T'   =  T''  whatever  may  be  the  positions 
(a^,   ^)    and    (a^,   b^)  .  . 

In  the  absence  of  neutrality,   T'    is  not  necessarily  the   same  as  T".    Thus  in  the  ab- 
sence of  neutrality,    the  Laspeyre  index  is  a  lower  limit  for   T^  but  not  for  T",    and  the 
Paasche  index  is  an  upper  limit  for  T"  but  not  for  T'  .   A  situation  of  this  kind  is  familiar 
to  students  of  index-number  theory  and  although  it  would  be  desirable  to  have  both  upper 
and  lower  limits,    the  one-sided  limits  are   still  useful  in  obtaining  information  as  to 
technological  change.  ,,. 

Productivity  of  Labor  as  an  Indicator  of  Technological  Change 

Productivity  of  labor  is  measured  by  the  index  of  labor  expended  per  unit  of  output 
or  its  reciprocal,    output  per  unit  of  labor  input  (35).   It  can  be  shown  that  if  the  four 
conditions  outlined  in  the  previous  section  hold,   the  change  in  productivity  of  labor  be- 
tween two  time  periods  also  yields  an  exact   measure  of  technological  change. 

It  was  shown  in  the  discussion  X)f  the  input-output  approach  that  even  if  the  third 
restriction--that  is,   that  the  prices  of  the  factors  of  production  relative  to  each  other 
and  the  prices  of  the  products  of  the  firm  (industry)  relative  to  each  other  must  remain 
unchanged- -did  not  hold,    limits  could  be   set  between  which  the  "true"  measure  of 
technological  change  must  lie.   It  is  not  possible  to  set  such  limits  when  the  produc- 
tivity-of-labor  approach  is  employed. 

That  the  productivity-of-labor  approach  gives  an  exact  measure  of  technological 
change  when  these  conditions  are  fulfilled  can  be  shown. 

Consider  a  firm  that  employs  two  inputs,   a  and   b,    to  produce  two  outputs,    x  and   y. 
Let  the  subscripts  0  and  1  represent  the  two  time  periods  and  the  superscripts  repre- 
sent the  commodity  to  which  the  prices,    denoted  by   p,    correspond.   Assume  that  the 
four  restrictions  listed  in  the  previous  section  hold.   Prior  to  the  technological  change 
(at    ^q)      the  input -output  ratio  was: 


Pn^     ^: 
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Suppose  that  there  have  been  two  changes  between    t^  and   t^  . 

1.    Prices  of  products  may  have  changed   relative  to  prices  of  factors  causing  output  to 
change.    But  as  there  are  constant  returns  to  scale  and  constant  prices  of  factors  relative  to 
each  other  and  of  products  relative  to  each  other,    such  a  change  would  cause  all  inputs  and 
all  outputs  to  rise  in  the   sanne  proportion.    That  is 


and  hence 


Po""  ^1  +  Po""  yi     Po"  ^0  "^  Po"  ya 


Po      ^1 


Po"  % 


Z.    Technological  change  has  occurred.   As  the  technological  change  has  been  neutral, 
outputs  in    ^1  are  Txj   and    Ty^    instead  of  Xj    and   yj ,    given  the  inputs  a^    and    foj  .    This  is  true 
irrespective  of  the  size  of  a^   and    fo, »   We  would  then  have  as  our  measure  of  technological 
change: 


V  ^-1  +  Po'  Ty, 

T 

"po'  ^1  +  Po""  yi 

Po'  ^ 

Po"  ^0  +V  yo 

Po"  ^0  +Po''  yo 

Po'  ^0 

Po'   ^0 

=  T 


When  the  input-output  approach  is  employed,  the  Laspeyre  input  indexbased  on  prices  of 
tQ  suggests  technological  regression  when  none  has  occurred  if  the  price  of  either  factor  rises 
relative  to  the  other.  When  the  productivity  of  labor  method  is  useda  rise  in  the  price  of  labor 
relative  to  the  price  of  capital  results  in  an  upwards  bias  and  a  rise  in  the  price  of  capital  rela- 
tive to  the  price  of  labor  results  in  a  downward  bias  in  the  "measure"  of  technological  change. 

This  can  be  shown  graphically.    Take  two  production  periods,    t     and    t  ,   between  which 
the   state  of  technology  is  held  constant  and  the  price  of  labor  rises  relative  to  the  price  of 
capital.   Assume  also  that  the  output  of  y   =  0  so  that  there  is  no  problenn  of  naeasuring  output. 
In  figure  3,   the  system  of  curves    x.  (a  production  surface)  represents  the  given  state  of 
technology  and  the   slope  of  any  one  of  the  constant  output  curves    Xj  represents  the  rate  at 
which  capital  and  labor    can  be  substituted  for  each  other  while  holding  output  constant.    The 
systenn  of  lines     p^- (outlay  contours)  represents  the  conditions  given  by  the  factor  market  at 

date    tj-,  the  slope  of  any  line  is    p/^  /Pi^,    when   p.*  is  the  price  of  labor  and   p.^  is  the  price 

of  capital  at    1 1.    The  line  labeled   pj '  shows  the  minimum  outlay  required,    given    tj  factor 
prices,   to  produce  the  same  output  as  in    tg.    Thus  a  firm  which  maximized  its  output  for  the 

given  dollar  input  by  spending    a.p   *    on  labor  and    b  p^     on  capital  in    t.  can,    in    t.,    maximize 

its  output  for  the  same  dollar  input  by  spending    a  p^    on  labor  and   b  p  *     on  capital,    or  it  can 

minimize  its  cost  while  producing  the   same  output  as  in    t     by  spending    a^p^     on  labor  and 
b'p^'      on  capital. 

Clearly,    using  an  index  of  output  per  man-hour  as  a  measure  of  change  in  technology 
yields  results  that  are  inconsistent  with  the  assumption  that  technology  has  been  held  constant, 
as  at  the   sanae  output  in    t^  as  in  t^    labor  input,    measured  in  man-hours,   falls  fronn   a^  to    a.'. 
Output  per  man-hour  rises  even  though  no  changes  in  technology  have  occurred. 
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BIAS  IN  LABOR  PRODUCTIVITY  AS  AN 
INDICATOR  OF  TECHNOLOGICAL  CHANGE 


p; 


P^ 


b^  b,       b-, 

0       1  1 
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If,    then,   the  price  of  labor  rises  relative  to  the  price  of  capital,    an  index  of  output 
per  man-hour  as  an  indicator  of  change  in  technology  will  have  an  upward  bias.   It  can 
also  be   shown  that  if  the  price  of  capital  rises  relative  to  the  price  of  labor,    an  index  of 
output  per  nnan-hour  as  an  indicator  of  change  in  technology  will  have  a  downward  bias. 

As  in  the  input-output  approach,   the  Laspeyre  output  index  based  on  the  prices  of 
tQ    will  underestimate    technological  progress  and  the  Paasche  output  index  based  on  the 
prices  of    t^  will  over-estimate  technological  progress. 

However,    as  the  bias  in  the  input  index  depends  on  the  direction  in   which  the  rela- 
tive prices  of  the  inputs  move  v/hen  the  productivity  of  labor  approach  is    used,    it  be- 
comes impossible,   when  the  price  of  labor  rises  relative  to  the  price  of  other  inputs,   to 
ascertain  whether  the  Laspeyre  index  is  in  reality  a  lower  limit  or,    when  the  price  of 
other  inputs  rises  relative  to  the  price  of  labor,   whether  the  Paasche  index  is  in  reality 
an  upper  linmit.    ■       " 

Thus  when  only  the  third  condition  is   removed,    the  productivity  of  labor  approach 
provides  a  measure  that  is  at  best  imprecise.    When,    in  addition,   the  fourth  restriction 
(neutrality)  is  rennoved,    this  approach  does  not  even  provide  reliable  one-sided  limits. 

The  Production- Function  Approach 

Leontief  (24)  and  Johnson  (21 .    p.    559)  have  suggested  constructing  a  production 
function  for  some  base  period  and  then  substituting  the  inputs  of  sonne  given  period  into 
the  function.    If  this  is  done  the  contribution  that  change  in  technology  has  made  to  the 
change  in  output  between  the  two  periods  can  be  measured  by  the  difference  between  the 
index  of  output  actually  produced  in  the  given  period  and  the  index  of  output  estimated 
fromi  the  base -period  production  function. 

It  is  obvious  that  if  the  four  conditions  listed  in  the  discussion  of  the  input-output 
approach  hold,      the  approach  suggested  above  would  also  yield  an  exact  measure  of 
technological  change. 

If,    for  example,   the  production  function  is  of  the  Cobb -Douglas  form 

X  =  /:  a°^  foP      (a   +  P    =   1) 

and  the  four  conditions  hold,   a  and  p  will  correspond  to  the  actual  shares  of  the  total 
production  of  the  firm  (industry)  going  to  a  and    b respectively  (5)  and  the  contribution 
of  technological  change  to  output,    in  percentage  terms,    would  be 


T  = 


Xj  Xq  /Cj  /Cq 


^0  ^0 


It  may,    however,    be  possible  to  use  the  production-function  approach  to  obtain  an 
exact  nneasure  of  technological  change  even  though  the  second  and  third  conditions  do 
not  hold. 

If  the  production  function  is  not  homogeneous  of  degree  one,  a    and  p  no  longer  cor- 
respond to  the  actual  shares  of  total  output  going  to  capital  and  labor  and  raust  be  esti- 
mated  statistically.  ^ 


9  The  four  conditions  were:     equiUbrium  of  the  firm,  (2)  homogeneity  of  degree  one  in  the  production  function,  (3)  constant 
relative  prices  of  factors  to  each  other  and  products  to  each  other,  (4)  neutral  innovation. 
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Economic  theory  supposes  that  managerial  decisions  are  determined  simultaneously 
by  a  system  of  functional  (structural)  relationships,    of  which  the  production  function   is 
but  a  single    equation.   If  the  parameters  of  the  underlying  structural  equations  rennain 
unchanged  over  the  time  period  for  which  it  is  desired  to  measure  technological  change, 
a  production  function  estimated  by  the   single  equation  (least  squares)  method  permits  an 
unbiased  estimate  of  technological  change.   If  the  underlying  structural  equations  have 
not  remained  unchanged,   production  must  be  estimated  by  the  multiple  equation  approach. 
Even  though  we  are  interested  in  only  one  equation  of  a  system- -the  production  function- - 
it  becomes  necessary  to  identify  and  measure  the  individual  structural  equations  of  the 
system.   Unfortunately,   techniques  that  have  thus  far  been  developed  require  that  the 
investigator  specify  a  priori  the  form  of  the  production  function  and  the  other  structural 
equations  in  the  system  (27;  33.   pp.   225-232). 

In  practice,   the  form  of  the  function  chosen  often  depends  on  the  data  available  and 
on  the  problems  of  computation  involved,    rather  than  on  knowledge  of  the  form  of  the 
production  function.    The  choice  of  the  variables  to  be  included  in  the  function  in  most 
cases  depends  also  upon  the  availability  of  data  rather  than  upon  more  ideal  grounds  (41). 

Thus,    although  it  is  not  logically  necessary  that  the  second  restriction  hold,   prac- 
tical considerations  generally  make  it  difficult  to  prevent  the  introduction  of  bias  into 
the  measure  of  technological  change  when  this  restriction  does  not  hold. 

Neither  is  it  necessary,    when  using  the  production-function  approach,    that  prices 
of  the  factors  of  production  relative  to  each  other  and  prices  of  the  products  of  the  firm 
relative  to  each  other  rennain  unchanged.    But  if  aggregation  is  resorted  to  for  the  pur- 
pose of  reducing  the  number  of  variables  entering  into  the  function,   prices  of  the  items 
entering  into  any  given  index  must  remain  unchanged   relative  to  each  other  if  an  exact 
measure  of  technological  change  is  to  be  obtained. 

If  the  relative  prices  of  the  items  entering  into  each  such  index  do  not  remain  un- 
changed,   it  is  still  possible  to  set  limits  between  which  the  true  measure  of  technolog- 
ical change  must  lie.   As  in  the  input -output  approach,   the  upper  limit  is  set  by  using 
indexes  based  on    t^   prices  and  the  lower  limit  is  set  by  using  indexes  based  on   t^  prices. 

It  was  pointed  out  in  the  discussion  of  the  input-output  approach  that  only  if  innova- 
tion is  neutral  will  an  indicator  of  technological  change  be  independent  of  the  particular 
input  combination  that  was  actually  used  in  the  base  period.    This  is  true  for  the  produc- 
tion-function approach  as  well  as  for  the  input-output  approach  (27.    p.    156).    As  pointed 
out  earlier,    technological  change  in  the    meatpacking    industry  has  not  been  neutral. 
Thus,    following  the  reasoning  employed  in  the  discussion  of  the  input-output  approach, 
use  of  a  production  function  based  on  the  technology  of   tQ   provides  an  estimate  of  T'. 
while  one  based  on  the  technology  of   t^   provides  an  estimate  of  T'^  .'^ 


10 


Definition  of  Input  and  Output 

Regardless  of  whether  an  input-output  approach  or  a  nnultiple -equation  production- 
function  approach  is  used,   the  problem  of  giving  explicit  content  to  the  terms  "input" 
and  "output"  presents  itself.   Specifically,    is  output  measured  by  total  sales  or  by  value 
added  by  manufacture?  Is  input  measured  by  the   sum  of  labor,    capital,    and  intermediate 
products  used  in  production  or  by  the  input  of  labor  and  capital  alone  ? 

This  problem  does  not  arise  in  constructing  an  aggregate  production  function  for  a 
closed  economy,    as  interindustry  transfers  cancel  out,    giving  net  national  product  as 
output  and  labor  and  capital  as  the  two  inputs.    In  constructing  a  production  function  for 
a  firm  or  an  industry,    however,   the  problem  does  arise.   Several  investigators  have 
pointed  out  that  the  percentage  increase  in  aggregate  output  owing  to  technological  change 
for  industry  as  a  whole  is  always  equal  to  or  greater  than  the  percentage  increase  in  the 


10  See  page  20  for  definition  of  T'  and  T  ". 
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output  of  any  individual  firm  or  industry  when  output  is  defined  as  total  sales  and  input 
is  defined  as  the   sunn  of  labor,    capital,    and  intermediate  goods  used  in  production  by 
the  firm  or  industry  (28)."'""'"    Kenneth  May  asserts  that,    nneasured.  as  above   (hereafter 
referred  to  as  the  gross   input-output  approach),    technological  change  has  a  cumulative* 
effect  in  the   aggregate  (28,    p.    58). 

The  accuracy  of  these  assertions  can  be  illustrated  symbolically „   Suppose  that 
there  are  in  the  economy  only  two  firms   (industries)- -agriculture,    producing  a  product 
X   and  using  as  inputs  labor   (a)  and  capital  (b);  and  processing,    producing  a  product  y 
and  using  as  inputs  labor   (a),    capital   (b)  and  the  whole  output  of  agriculture   {x) ,    For 
purposes  of  this  illustration,    assume  that  both  firms  have  production  functions  of  the 
Cobb-Douglas  type  and  that  technological  progress  affects  only  ^    or,    more  generally, 
that  the  percentage  gain  in  output  owing  to  technological  progress  is  independent  of  the 
combination  of  inputs  used.-'-^ 

Assunne  that  the  production  functions  for  the  two  firms   (industries)  are: 

(1)  X  =  k^   a^^i      bjPi 

(2)  y  =  /c     a  °^2      hp  x^ 

•^  2       2  2 

while  that  for  the  economy  as  a  whole  can  be   represented  by 

(3)  y=  (kfi   /c\a,°^i^    bPl^    a^°^i    b/2 

^'  •^\12/l  1  2  2 

* 

The  contribution  of  technological  change  to  output,    in  percentage  terms,    when  k^       rep- 
resents A^.    in  tj  ,    is 

k*  -  k,     k* 

(4)  in  agriculture  Tj  = =  —  —   1 

ki  Aj 

/c  *  -  /c,         k* 

2  2  2 

(5)  in  processing  T^  = = 1 

^2  ^2 

(6)  in  the  whole  economy  T  =    


k  ^k 
^1   ^2 


If,    for  example 


/Cj  =  1.  k*    =  1.7 


k^  =  1.  V    =  1.4 

^     =  0.5 


Then 


(4.1)  T^  =  —  -1   =  0.7 


11  Simon,  Herbert  A.    Spme  Models  for  the  Study  of  the  Economic  Effects  of  Technological  Change.    Cowles  Comm. 
Discussion  Paper  213.    (Unpublished) 

i2  This  assumption  also  implies  that  the  equilibrium  allocations  of  labor  and  capital  between  the  two  industries  are  not 
affected  by  technological  changes. 
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(5.1) 


1.4 
T^=—    -  1  =  0.4 


(6.1) 


^  ^  [(i.yy-^    (1.4)]  _  ^ 

[df^  (1)] 

=  (1.3)(1.4)   -  1   =  1.82  -1   =  0.82 


It  can  be  demonstrated  that; 


(7) 
(8) 


T  ^  T^  when  k^ 


*  >  /Cj   and   ^   ^  0 


13 


T  >  T^  when  ^    > 


1    - 


log  k*     -    log  k^  lAJ 
log  k*     -    log   /Cj 


It  is  difficult  to  call  to  nnind  an  industry  that  uses  only  primary  factors  in  produc- 
tion,   such  as  the  industry  used  as  an  example  in  equation  (1).    The  really  important 
cases  are  industries  of  the  type  portrayed  in  equation  (2)  which  use  both  priniary  and 
intermediate  factors  in  production.    It  has  been  shown  that  in  such  industries  the  con- 
tribution of  technological  change  to  output,    expressed  in  percentage  terms  nnust  be 
equal  to  or  less  than  the  contribution  technological  progress  makes  to  output  in  the 
economy  as  a  whole,   when  the  gross  input-output  approach  is  ennployed. 

If  the  above  conclusions  are  correct  then  it  is  not  appropriate  to  make  statements, 
comparing  the  rate  of  technological  progress  in  any  industry  with  the   rate  for  the 
economy  as  a  whole,    that  are  based  on  measures  calculated  as  above.    To  make  valid 
comparisons   of  the  rate  of  technological  progress  between  an  industry  and  the  economy 
as  a  whole,   the  rate  for  the  economy  as  a  whole  nnust  be  equal  to  a  weighted  average  of 
the  rates  for  individual  industries. 

It  has  been  suggested  that  use  of  value  added  by  nnanufacture  as  a  measure  of  output 
and  quantity  of  labor  and  capital  used  in  production  as  a  measure  of  input  (hereafter  re- 
ferred to  as  the  net  input-output  approach)  would  enable  the  investigator  to  obtain  an 


13/ 


r  = 


implies 


>    1 


14/7=: 


k^k^ 


-  1  > 


(^) 


- 1 


sT 


^    >    1    - 


log  k^     -   log  k^ 
log  k^     -   log  /Cj 
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estimate  of  the  contribution  to  output  nnade  by  technological  change  for  individual. firms 
(industries)  that  would  permit  valid  connparisons  between  individual  firms  (industries) 
and  the  economy  as  a  whole. 

It  can  be  shown  that  the  net  input-output  approach  does  provide  a  measure  of  tech- 
nological progress  which  possesses  the  property  that  the  rate  of  technological  progress 
for  the  economy  as  a  whole  is  equal  to  the  weighted  average  of  the  rates  for  individual 
industries.    This  is  true  regardless  of  the   shape  of  the  production  function  and  the  nature 
of  the  technological  changes.   It  can  be  seen  as  follows: 

Let 

X.  —  value  added  by  the  i'th  firm  (industry) 
a.  —  labor  used  by  the  i'th  iirm  (industry) 
h.  —  capital  used  by  the  i'th  firm  (industry) 

These  are  measured  in  monetary  terms,    using  prices  of  the  base  period. 
Let  X  =  2  X.  =  value  added  for  the  whole  economy 

i       •* 

a  =  Z  Bi  =  labor  used  by  the  whole  economy 

i 

b  =  2  b-  =  capital  used  by  the  whole  economy 

To  simplify  the  expressions  for  the  measures,    assume  competitive  equilibrium  (zero 
profits)  for  the  base  period. 

Then  . 

X  . 

T.  = -   1  for  any  given  firm  (industry) 

^       a  .  ^-   h  . 
11 

X 

T  = -   1  for  the  whole  economy 

a  +  b 


that 


(^i  +     ^i) 
T  =  Z  T. as  can  be  verified  by  substitution. 


{a  +  b) 

Despite  this  desirable  property,   the  net  input-output  approach  is  far  from  satis- 
factory unless  it  is  independent  of  the  quantities  of  primary  factors  used  in  production. 

For  purposes  of  illustration,    let  us  consider  two  firms,    A  and  B,    both  of  which 
produce  identical  products  with  identical  inputs  except  that  firm  A   contracts  to  have  a 
certain  step  in  processing  supplies  performed  outside,    whereas  firm  B  hires  labor  to 
do  the  job.   Assume  that  the  alternative  methods  of  production  cost  the  sanne  and  affect 
no  other  step  in  production. 

Now  suppose  that  between  tg    and   t.    each  firnn  discovers  how  to  save   10  percent  of 
the  expenditures  for  fuel  (say  they  both  discover  the  same  device  for  doing  this).    If 
the  outputs  and  inputs  of  the  two  firms  are  as  given  in  table  4,   the  net  input-output 
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Table  4 

. — Outputs  and  inputs  of 

firms  A  and 

B 

Item 

Product 

Fuel 

Supplies 

Labor 

Capital 

Firm  A 

t  . . 

Percent 

100 
100 
100 
100 

Percent 

20 
18 
20 
18 

Percent 
60 
60 
10 
10 

Percent 
10 
10 
60 
60 

Percent 

10 

Firm  A 

^0 

U-]  •  ■ 

tQ.. 

10 

Firm  B 

10 

Firm  B 

10 

measure  gives; 


100-60-18 
T    = _  -   1 

^  20 


=    -10 


100   -  10   -   18 
T    = _  -   1 

*  70 


=    .03 


Thus,    despite  the  identical  savings  in-  the  sanne  resource   (fuel),   the  net  approach 
provides  a  measure  of  technological  progress  that  is  greater  for  firm  A  than  for  firm  5. 

Therefore,    although  the  net  input-output  approach  provides  a  measure  of  techno- 
logical progress  which  possesses  the  property  that  the  rate  for  the  economy  as  a  whole 
is  equal  to  the  weighted  average  of  the  rates  for  individual  industries,    it  does  not  pro- 
vide a  measure  that  is  independent  of  the  quantity  of  primary  factors  used  in  production. 

THE  CONSTRUCTION  AND  EVALUATION  OF  INDEXES 

OF  INPUT  AND  OUTPUT  FOR 
THE  MEATPACKING  INDUSTRY 

Indexes  of  Output  and  Livestock  Input 

In  table  5,    several  indexes  of  output  and  livestock  input  for  the  meat-packing  in- 
dustry are  presented. 

1.    The  index  of  output  shown  under  (1)  was  computed  by  deflating  census  data  on 
"value  of  sales"  by  the  Bureau  of  Labor  Statistics  index  of  wholesale  meat  prices. 

Z.    The  index  of  livestock  input  presented  in  colunnn  (2)  was  connputed  by  deflating 
the  Census    of  Manufactures    data  on  cost  on  hoof  of  aninnals  slaughtered  for  own  ac- 
count,   by  the  Department  of  Agriculture  index  of  prices  received  by  farmers  for  meat 
animals.   Both  the  Bureau  of  Labor  Statistics  index  of  wholesale  meat  prices  and  the 
Department  of  Agriculture  index  of  prices  received  by  farmers  are  shown  in  table   10. 

3.    The  Fabricant  index  of  physical  output  {15_,   p.    358)  is  shown  in  column  (3).    This 
index  was  constructed  by  weighting  the  output,    by  weight,    of  packinghouse  products,    ac- 
counting for  approximately  90  percent  of  annual  sales  by  base -period  prices  and  then 
applying  the  Mills  "adequacy  adjustment,  ""^^    on  the  assumption  that  the  price  of  goods 
not  represented  by  the  physical  quantity  data  has  fluctuated  in  the  same  way  as  have  the 


15  The  procedure  is  as  follows:  The  ratio  of  coverage  is  computed  by  adding  up  the  values  of  the  various  products  and  dividing 
their  sum  by  the  industry'  s  total  value  of  products.  These  ratios  are  then  transformed  into  coverage  adjustment  factors  by  dividing 
by  the  base -year  coverage  ratio.  The  unadjusted  index  is  then  divided  by  the  coverage  adjustment  factor  to  derive  the  adjusted 
index  (15,  pp.  361-364). 
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TABLE  5, — Index  numbers  of  output  and  livestoclf  input  for  the    meatpacking 

industry,   1919-50 
(1929  =    100) 


Year 

Value  of 
sales  de- 
flated 

(1) 

Cost  of 
livestock 
slaughtered 
deflated 

(2) 

Fahricant 
physical 
output 

(3) 

National 
Research 
Project 
output 

Federal 
Reserve 
Board 
output 

(5) 

"Value 
added" 

(6) 

1950 

138.1 

108.9 
89.3 
79.4 
94.7 
91.9 

100.0 
104.7 
103.9 
107.9 
90.4 

114.7 

132.2 
101.8 

- 

90.9 
77.8 

103.7 

100.0 
103.2 
103.0 
112.7 

108.0 

122.1 

134 

104 
94 
S5 
95 
94 

100 
95 
92 
97 
77 

93 

92.6 
82.7 
98.4 
96.6 
90.9 
95.8 

97.2 
100.0 
98.5 
96.6 
96.7 
94.2 
100.8 
98.3 
86.8 
79.3 

84.3 
91.1 

122 
134 
113 
124 
154 
143 
139 
112 

109 
97 
90 
82 
91 
75 
106 
103 
94 
96 

95 

100 

101 

98 

97 

96 

105 

107 

92 

84 

86 
96 

194-9 

124.3 

1948 

123.3 

1947 

134.5 

1946 

115.0 

194-5 

124.6 

1944- 

156.0 

194-3 

144.9 

1942 . c 

129.9 

194-1 

112.0 

194-0 

109.6 

1939 , 

1938 

97.1 
90.4 

1937 

83.3 

92.7 

1935 

75.1 

98.8 

1933 ■ 

109.2 

93.9 

1931 

96.3 

1930 

94.9 

100.0 

1928 

101.2 

97.5 

1926 

97.0 

96.1 

1924 

106.5 

88.5 

1922 

92  0 

86.3 

1920 

1919 

prices  of  the  goods  represented.    After  obtaining  the  adjusted  output  in  terms  of  prices  of 
the  base  year,    the  indexes  of  output  were  connputed  by  expressing  them  as  relatives  on  a 
comparison  base  period.    The   1947  index  of  output  represented  in  this  column  is  based  on 
the  calculations  of  the  author  using  Census  of  Manufactures  data  for   1947. 

4.    The  National  Research  Project  indexes  of  output  were   computed   sinnilarly  to  the 
Fabricant  indexes  for  census  years.    However,    no  references  to  the  naethod  of  adjusting 
for  coverage  have  been  found  bythis  author.    For  non-census  years,    the  index  is  based 
on  Department  of  Agriculture  data  on  dressed  weight  of  livestock  and  quantities  of  pre- 
pared meat  products   (26,    pp.    Z04-208). 
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5.  The  Federal  Reserve  Index  of  the  output  of  the  meat-packing  industry  is  based  on 
Department  of  Agriculture  data  on  dressed  weight  of  animals  slaughtered  under  Federal 
inspection,    with  Federal  Reserve  adjustments  for  certain  periods  in  1933-36  for  slaugh- 
tering under  Federal  Emergency  programs  (48,    p.    762).    Essentially  then,    the  Federal 
Reserve  Index  is  an  index  of  input. 

6.  The  index  of  "value  added"  presented  in  column  (5)  was  constructed  by  using  the 
weighted  average  of  the  Tobin-Grier  (42,    pp.    16-29)  processing  margins  (on  a  live- 
weight  base)  for  cattle,    calves,    hogs,    and  sheep  and  lambs  from  1925  to  1934  as  the 
price  weights  and  the  total  live  weight  of  livestock  slaughtered  under  Federal  inspection 
by  species,    as  physical  quantities.  ^^     Again  this  index  is  essentially  an  index  of  live- 
stock input  rather  than  of  value  added. 

An  explanation  of  our  purpose  in  constructing  the  index  of  "value  added"  may  be 
needed.    Initially  it  was  pointed  out  by  several  members  of  the  meat-packing  industry  that 
indexes  of  the  Fabricant  and  National  Research  Project  type  understimated  the  rise  in  the 
output  of  the  industry  owing  to  the  rise  in  importance  of  the  more  highly  processed  items, 
the  improved  quality  of  such  products  as  lard,    and  the  development  of  new  products.  They 
felt  that  an  index  of  value  added  constructed  as  above  would  be  better  than  the  Fabricant- 
type  index  because  pork  products  make  up  a  major  share  of  both  the  more  highly  proc- 
essed primary  products  and  of  the  byproducts.    Lard  alone  accounts  for  between  a  third 
and  a  half  of  the  annual  total  value  of  byproducts,    according  to  Census  of  Manufactures 
data.    In  addition,    the  relative  proportions  of  livestock  products  marketed  as  fresh  and  as 
processed  meat  remained  fairly  constant  during  the  period  of  the  study.    The  Significant 
shifts  in  production  of  lard,    canned  meats,    and  sausage  were  largely  offset  by  opposite 
changes  in  the  output  of  other  cured  meats. 

When  the  indexes  presented  in  table  5  are  compared,    however,    it  is  found  that  both 
the  Fabricant  and  the  National  Research  Project  indexes  show  higher  rises  in  output  than 
does  the  index  of  value  added,    which  turns  out  to  be  almost  identical  with  the  Federal 
Reserve  Board  index  which  is  quite  clearly  an  index  of  livestock  input. 

In  comparing  the  indexes  presented  in  table  5,    perhaps  the  more  striking  feature  is 
the  apparent  inconsistency  between  the  two  indexes  based  on  census  data- -deflated  total 
sales  (1)  and  deflated  cost  of  livestock  (2) --and  the  other  indexes  of  output  (columns  3  and 
4)  and  livestock  input  (columns  5  and  6)  which  are  based  on  physical  data. 

This  inconsistency  could  be  caused  by  two  things:  (l)  The  index  of  the  prices  of  spe- 
cific meat  products  from  which  the  Bureau  of  Labor  Statistics  index  of  wholesale  meat 
prices  is  made  up  differs  from  similar  indexes  that  might  be  constructed  from  census 
data.    In  an  attempt  to  determine  whether  this  difference  was,    in  itself,    of  sufficient 
magnitude  to  explain  the  observed  discrepancy  between  the  two  indexes,    price  indexes 
were  constructed  for  several  specific  meat  items  from  census  data  and  compared  with 
connparable  Bureau  of  Labor  Statistics  series.    Although  for  some  years  there  were  fairly 
large  differences  between  the  two  sets  of  indexes,    the  discrepancies  did  not  appear  to  be 
large  enough  to  serve  as  a  complete  explanation  for  the  divergence  between  the  two  sets 
of  output  and  livestock  input  indexes.    (2)  The  other  possibility  is  that  different  price 
weights  were  used  in  combining  the  individual  series  that  enter  into  each  of  the  two  types 
of  indexes,    as  different  weights  accompanied  by  shifts  in  the  relative  importance  of  items 
entering  into  the  product  mix  produce  divergent  series.    Both  of  these  causes  seem  to  be 
important   in   explaining    the    divergence    between   the    two    sets    of   indexes.    As    there 
is  apparently  no  basis  for  making  a  rational  choice  between  the  two  sets  of  indexes,    two 
estimates  of  output  and  livestock  input  are  presented  here.    Estimate  A  is  based  on  de- 
flated census  data.    Estimate  B  is  based  on  the  Fabricant  index  of  physical  output  and  the 
Federal  Reserve  index  is  used  as  the  index  of  livestock  input. 

16  Scudder,  David  B.  The  Trend  of  Labor  Requirements  in  Meat  Packing.  (Masters  thesis,  Department  of  Economics,  Univer- 
sity of  Chicago,  1950)  pp.  20-22.  (Unpublished.) 
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An  Index  of  the  Cost  of  Other  Supplies 

Cost  of  other  supplies  was  obtained  by  subtracting  the  Census  of  Manufactures  "cost 
of  livestock"  plus  "value  added  by  manufacture"  from  "value  of  sales.  "   This  category 
represents  the  cost  of  all  materials,    supplies,    containers  for  products,    the  cost  of  fuel, 
and  the  cost  of  purchased  electric  energy  actually  used  during  the  year,    except  livestock 

(44'    P-    4). 

The  index  that  was  used  to  deflate  the  cost  of  other  supplies  is  the  National  Bureau 
of  Economic  Research  index  of  prices  of  producers'   goods.    (See  table   10  for  this  index.) 
As  a  check  to  see  whether  this  index  moved  consistently  with  the  prices  of  supplies  that 
are  important  to    the  meatpacking    industry,    indexes  were  constructed  of  the  prices  of 
coal,    electricity,    gasoline,    pulp  and  paper,    and  items   entering  into  maintenance  and  re- 
pairs.   On  the  basis  of  this  comparison,    there  seems  justification  for  using  the  index  of 
prices  of  producers'   goods  to  deflate  the  cost  of  other  supplies.    The  index  of  the  input  of 
supplies  other  than  livestock  is  given  in  the  following  tabulation: 

Year  Index 

1947  155.9 

1937  105.4 

1935  140.9 

1931  90.6 

1929  100.0 

1927  78.9 

1925  63.7 

1919  ^91.1 

As  may  be  seen  from  this  tabulation,    the  input  of  these  items  has  risen  relative  to  the 
input  of  livestock.    This  would  be  expected  if  it  is  true  that  there  is  a  shift  toward  more 
highly  processed  items. 

Indexes  of  Labor  Input 

1.  The  index  of  total  labor  input  presented  in  column  (l)  of  table  6  was  calculated  by 
deflating  the  Census  of  Manufactures  category  "salaries  and  wages,  total"  by  an  index  of 
average  annual  earnings  of  all  employees  in  the  meatpacking  industry  constructed  from 
census  data.    The  index  of  average  annual  earnings  is  shown  in  table   10. 

2.  The  Bureau  of  Labor  Statistics  index  of  production  worker  employment  is  pre- 
sented in  column  (2)  of  table  6.    For  1923-37,    the  Bureau  of  Labor  Statistics  adjusted  its 
estimates,    based  on  samples  of  approximately  60  percent  of  the  employees  in  the  indus- 
try,   exactly  to  Census  of  Manufactures  benchmarks.    Data  since  that  time  have  been  ad- 
justed recently  to  data  presented  in  the   1947  Census  of  Manufactures.  ■^'^ 

The  data  were  not  adjusted  to  1939  census  data.    It  was  felt  that  it  was  necessary  to 
correct  for  a  distortion  resulting  from  a  narrower  definition  of  wage  earners  in  the   1939 
than  in  earlier  censuses  (47,    p.    23) 

3.  The  Fabricant  index  of  wage-earner  employment  is  an  index  of  census  data  on 
average  number  of  production  and  related  workers  (M,    pp.    171-176). 

4.  The  Fabricant  index  of  total  employment  is  an  index  of  census  data  on  the  average 
number  of  all  employees. 


17  In  general,   the  Bureau  of  Labor  Statistics  production  worker  employment  series  have  been  adjusted  to  data  provided  by  the 
social  insurance  agencies  since  1937.  Because  of  insufficient  industry  detail  in  the  statistical  reports  of  the  social  insurance  agen- 
cies, It  was  not  possible  to  use  such  reports  in  making  estimates  for  the  meatpacking  industry.  Apparently,   these  data  for  the 
meatpacking  industry  went  unadjusted  from  1937  to  1947. 
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TABLE  6, — Index  numbers  of  labor  input  for  the  meatpacking  industry,  1919-50 

(1929  =  100) 


Year 

Labor  input 
(unadjusted 

census 

data) 

BLS  index 
of  produc- 
tion worker 
employment 

Fabric ant 
wage  earner 
employment 

Fabricant 

total 
employment 

Production 
worker 
labor 

Total 
labor  (our 
index ) 

(1) 

(2) 

(3) 

(-4) 

(5) 

(6) 

1950 

19^9 

194a 

1947 

136.3 

136.4 

120.0 

135.4 

1946 

130.5 

'   -. 

127.7 

127.9 

1945 

125.7 

~- 

118.0 

120.2 

1944 

139.3 

- 

117.3 

115.9 

1943 

142.0 

130.5 

122.9 

1942 

145.2 

.   117.4 

119.0 

1941 

124.4 

-   ■* 

97.4 

1940 

116.4 

.  92.5 

1939 

110.2 

98 

95 

88.4 

101.8 

1938 

98.6 

.^ 

80.0 

1937 

102.3 

104.0 

104 

104 

84.3 

.  90.1 

1036 

101.7 

84.8 

1935 

94.6 

94.8 

95 

95 

76.0 

80.7 

1934 

112.4 

90.9 

1933 

89.7 

92.2 

92 

92 

81.7 

82.0 

1932 

83.4 

79.4 

1931 

86.9 

87 

85.0 

1930 

95.3 

93.4 

1929 

100.0 

100.0 

100 

100 

100.0 

100,0 

1928 

98.0 

98.0 

1927 

97.2 

97 

~   98 

96.4 

98.2 

1926 

96.4 

94.8 

1925 

98.0 

98.2 

98 

99 

96.1 

98.2 

1924 

103.7 

101.8 

1923 

108.3 

108 

109 

105.2 

1922 

94.8 

1921 

102.4 

97.6 

96 

98 

1920 

115.6 

1919 

127.0 

131.5 

131 

129 

5.  Column  (5)  is  an  index  of  total  hours  worked  by  production  workers  calculated  by 
multiplying  (a)  average  production  worker  employment  times  (b)  average  weekly  hours 
times  (c)   5Z.    Average  employment  of  production  workers  was  obtained  from  the  Bureau 
of  Labor  Statistics  data  described  in  (2)  above.    Estimates  of  average  v/eekly  hours  for 
production  workers  for   1935-47  came  from  the  Bureau  of  Labor  Statistics  publication 
"Employment,    Payrolls,    Hours,    and  Earnings,  "  previously  referred  to,    whereas  esti- 
mates for  previous  years  are  taken  from  the  National  Industrial  Conference  Board (4^,    pp, 
124-127)., 

6.  Column  (6)  is  an  index  of  total  labor  input  computed  by  adding  total  hours  worked 
by  production  workers,    weighted  by  average  hourly  earnings  in  1929,    and  average    non- 
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production  worker  employment,    weighted  by  the  average  yearly  salary  of  nonproduction 
workers  in  1929  and  setting   1929  as  the  comparison  base.    Average  employraent  of  non- 
production  workers  was  obtained  by  subtracting  estimates  of  average  employment  of  pro- 
duction workers  from  estimates  of  total  employment  based  on  census  data  and  on  Old  Age 
and  Survivors  Insurance  data  for  certain  noncensus  years.    The  average  salary  of  nonpro- 
duction workers  in  the  base  year  was  obtained  by  subtracting  wages  going  to  production 
workers  from  the  census  figure  for  total  wages  and  salaries  and  dividing  by  the  number 
of  nonproduction  workers.    The  indexes  of  employment  shown  in  columns  (1),    (2),    (3),    and 
(4)  of  table  6  move  together  rather  consistently.    This  might  be  expected  as  they  are  all  in- 
dexes of  employment  (as  opposed  to  man-hours)   and  are  either  taken  directly  from  or 
adjusted  to  Census  of  Manufactures  data. 

The  index  of  labor  input  of  production  workers  which  measures  hours  worked,    shown 
in  column  (5),    is  felt  to  be   superior  to  either  the  Bureau  of  Labor  Statistics  index  of  em- 
ployment of  production  workers  or  the  Fabricant  index  of  employment  of  wage  earners 
as  a  measure  of  labor  input,    as  it  takes  into  account  changes  in  the  length  of  the  work 
week. 

Similarly,    it  seems  to  the  author  that  the  index  of  total  labor  input  presented  in 
column  (6)  is  better  than  any  of  the  other  measures.    It  not  only  includes  the  above  meas- 
ure of  labor  inputs  by  production  workers;  it  also  weights  the  two  types  of  labor  input  in 
proportion  to  their  base-period  pay  scales. 

Indexes  of  Capital  Input 

1.    When  this   study  was  begun,    it  was  felt  that  the  ideal  measure  of  capital  input 
would  be  an  index  of  what  Fabricant  terms  "capital  consumption"  - -"the   'real'  value  ofthe 
durable  goods  used  up  in  production  during  any  period"  (l_3,    p.    19).    The  raw  data  that 
were  used  to  construct  this  index,    which  are  presented  in  column  (l)  of  table  7,    were  ob- 
tained from  accounting  data  recorded  in  entries  arising  from  depreciation  and  mainte- 
nance and  repairs. 

Data  on  depreciation  and  maintenance  and  repairs  were  obtained  from  Moody's  and 
the  Securities  and  Exchange  Commission  for  four  firms  - -Armour,    Cudahy,    Swift,    and 
Wilson.    As  the   sales  of  these  four  firms,    during  the  period  covered,    varied  between  55 
and  60  percent  of  the  total  sales  of  the  industry,    a  coverage  adjustment  based  on  the  per- 
centage of  total  sales  accounted  for  by  these  four  firms  was  made.    The  resulting  figures 
were  expressed  as  indexes. 

Techniques  used  to  eliminate  the  effects  of  changes  in  the  prices  at  which  items 
entering  into  capital  consumption  are  carried  in  accounting  records  are  discussed  below. 

a.    Depreciation.    The  depreciation  charges  for  each  firm,    as  presented  by  both  the 
Securities  and  Exchange  Commission  and  Moody's  are  given  in  the  form  of  a  total.    To 
express  these  charges  in  terms  of  the  prices  of  a  base  period  (1929)  it  is  necessary  to 
construct  an  index  of  prices  underlying  depreciation  charges.    In  computing  such  an  in- 
dex,   the  assumption  was  made  that,    for  any  fixed  asset,    equal  additions  have  been  made 
each  year  (that  is,    if  the  length  of  useful  life  of  a  fixed  asset  is    10  years,    then  10  percent 
of  the  total  was  bought  in  any  given  year).    By  agreeing  to  such  an  assumption,    it  becomes 
possible  to  obtain  the  average  purchase  price  of  the  collection  of  assets  of  any  given  type 
by  adding  the  price  indexes  for  a  number  of  years  equal  to  the  estimated  useful  life  of  the 
factor  and  then  dividing  by  the  number  of  years.-^^    If  the  price  index  underlying  each  type 
of  asset  for  a  given  year  is  then  weighted  by  the  proportion  of  total  depreciation  repre- 
sented by  the  class  of  assets,    one  obtains  an  index  of  the  prices  that  underlie  the  depre- 
ciation charges  for  the  year  in  question. 


18  Estimated  average  useful  life  of  classes  of  fixed  assets  was  obtained  from  United  States  Bureau  of  Internal  Revenue 
(43,  p.  47). 
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TABLE  7.— Index  numbers  of  capital  input  for  the  meatpacking  industry,   1919-50 

(1929  =:  100) 


Year 

"Capital 
consumption" 

(1) 

Net  noncurrent 
assets 

(2) 

Cost  and  return 
to  capital 

(3) 

1950 

144.8 

135.4 
134.8 
-  144.7 
138.2 
116.3 
109.5 
95.0 

91.7 
92.5 
86.6 
90.5 
84.0 

^  100.0 

72.6 
67.3 
66.1 
67.6 
67.2 
68.0 
68.0 

72.9   . 
76.4 
78.5 
.   78.8 
77.6 
76.8 
76.3 
90.2 
98.1 
100.6 

,  100.7 
100.0 

99.4 
102.8 
104.7 
105.7 
110.9 
109.3 

97.5 

78.7 

75.2 
70.8 

1949 

1948 

1947 

86.7 

1946 

1945 

1944 

1943 

1942 

1941 

1940 

1939 

1938 

1937. 

73.8 

1936 

1935 

71.3 

1934 

1933 

1932 

1931 

1930 

100.0 

1928 

1926 

85.0 

1924 

1922 

1921 

1920 

1919 

73.8 

Estimated 

The  indexes  that  were  used  to  calculate  the  indexes  of  prices  underlying  the  various 
categories  of  fixed  assets  and  the  methods  used  to  obtain  the  weights  used  in  combining 
the  individual  indexes  into  an  index  of  prices  underlying  total  depreciation  charges  are 
described  below.        _ 

Buildings.  --An  index  of  building  and  construction  costs  was  developed  for   1910-48 
by  taking  the  arithmetic  average  of  the  Engineering  News -Record  construction-cost  and 
building-cost  indexes  (H,    pp.    421-427,    431 -432). ^^    xhe  two  indexes  differ  only  in  that 
the  construction-cost  index  includes  wages  of  common  labor  while  the  building-cost  index 
includes  wages  of  skilled  labor  (U,    pp.    398-408).    For   1903-1909,    the  index  is  based  on 
an  arithmetic  average  of  the  Engineering  News-Record  construction-cost  index  and  the 

19  This  is  equivalent  to  weighting  the  price  of  each  year  hy  one. 
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National  Bureau  of  Economic  Research  index  of  the  prices  of  construction  material  (37. 
pp.    294-295).    The  National  Bureau  index  furnished  the  data  for  years  earlier  than 
1903.2° 

Machinery  and  Equipment.  --The  Marshall  and  Stevens  index  of  meatpacking  equip- 
ment  costs,    adjusted  to  a  1929  base,    was  used  in  constructing  the  index  of  prices  under- 
lying depreciation  costs  on  machinery  and  equipment  (38).    This  index  is  constructed  by 
combining  price  series  on  major  types  of  machinery,    mechanical  installations,    hand 
tools,    etc.    in  proportion  to  their  average  occurrence  in  a  plant  (38)  and  are  accepted  as 
authoritative  by  the  Engineering  News-Record  (J^,    p.    151). 

Furniture,    Fixtures,    and  Office  Equipment.  --Again  the  Marshall  and  Stevens  index 
of  office -equipment  costs,    adjusted  to  a  1929  base,    was  applied. 

Delivery  Equipment  and  Motorcars.  --The  Bureau  of  Labor  Statistics  index  of  whole - 
sale  prices  of  motor  vehicles  was  used  to  deflate  prices  of  delivery  equipment  and 
motorcars. 

Refrigerator  Cars.  --The  index  used  is  based  on  calculations  from  the  United  States 
Census  of  Manufactures.    Straight-line  interpolation  was  resorted  to    between  census 
years. 

The  procedure  used  to  combine  indexes  of  prices  underlying  depreciation  charges 
for  specific  types  of  fixed  assets  into  an  index  of  prices  underlying  total  depreciation 
charges  was  as  follows:  From  Moody's  Manual  of  Investment  (Industrial  Securities),    there 
were  obtained  for   1940,    1944,    and  1948  the  distribution  of  fixed  assets  between  the  vari- 
ous types  of  capital  assets- -buildings;  machinery  and  equipment;  furniture,    fixtures,  and 
office  equipment;  delivery  equipment  and  motorcars;  and  refrigerator  cars  for  three 
firms,  21   Cudahy,    Swift,    and  Wilson.    It  was  felt  that  the  relative  proportion  of  the  total 
fixed  assets  of  each  type  held  by  each  of  the  three  firms  was  sufficiently  stable,    both 
over  time  and  in  the  aggregate,    to  permit  the  assumption  that  their  distribution  of  fixed 
assets  is  fairly  representative  of  the  distribution  of  fixed  assets  of  the  four  firms  under 
consideration.    The  total  quantity  of  each  type  of  fixed  asset  held  by  the  three  firms  was 
then  weighted  by  the  reciprocal  of  the  average  useful  life  of  the  type  of  asset  in  question 
and  the  percentage  of  any  total  depreciation  charge  to  be  allocated  to  each  type  of  capital 
asset  determined.    Individual  indexes  were  then  weighted  by  these  percentages  to  form  the 
index  of  prices  underlying  total  depreciation  charges, 

b.  Maintenance  and  Repairs.  --Charges  for  maintenance  and  repairs  were  deflatedby 
constructing  an  index  based  on  the  arithmetic  average  of  the  Engineering  News-Record 
Building  Cost  Index  and  the  Marshall  and  Stevens  index  of  meatpacking  equipment  cost, 

c.  Total  capital  consumption  for  the  four  firms  was  then  obtained  by  adding  the  two 
series- -Depreciation  Charges  and  Maintenance  and  Repairs- -both  expressed  in  terms  of 
the   1929  price  level.    The  resulting  index  of  capital  consumption  is  presented  in  column 
(1)   of  table  7.  .  . 

2.    The  Index  of  Net  Noncurrent  Assets  presented  in  column  (2)  of  table  7  represents 
a  stock  of  capital  rather  than  a  flow.    Such  an  index  may  be  used  as  an  index  of  capital 
consumption  on  the  assumption  that  capital  consumption  is  proportional  to  net  noncurrent 
assets.    The  series  on  which  this  index  is  based  was  constructed  by  first  calculating  the 
change  in  net  noncurrent  assets  from  the  previous  year,    adjusting  the  value  of  all  of  the 
annual  net  changes  to  the   1929  price  level,    and  adding  the  adjusted  net  changes  to  the  1929 
value  of  net  noncurrent  assets. 


20  The  Engineering  News -Record  building  cost  index  goes  back  only  to  1910  and  the  construction  cost  index  to  1903. 
^  The  distribution  of  fixed  assets  over  the  period  considered  is  presented  in  sufficient  detail  only  for  these  three  firms. 
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The  price  index  used  to  revalue  the  annual  net  changes  in  noncurrent  assets  was 
constructed  by  weighting  each  of  the  indexes  of  prices  of  capital  equipment  described  in 
the  previous  section  by  the  percentage  of  total  assets  accounted  for  by  each  type  of  asset. 
This  index  is  presented  in  column  (5)  of  table   10. 

3.    The  index  of  cost  and  return  to  capital  presented  in  column  (3)  of  table  7  was  ob- 
tained by  deflating  a  residual  obtained  by  subtracting  the  census  figures  on  total  wages 
and  salaries  from  value  added  by  manufacture.    In  this  residual  are  included  such  items 
as  depreciation,    net  income,    taxes,    insurance,    and  interest.    The  price  index  used  to  de- 
flate this  category  was  the  same  index  of  prices  of  capital  equipment  used  in  the  meat- 
packing industry  to  revalue  the  annual  net  changes  in  noncurrent  assets  in  section  (2) 
above. 

In  comparing  the  three  indexes  of  "capital  input,  "  the  most  striking  feature  is  the 
complete  dissimilarity  between  the  index  of  "capital  consumption"  and  the  other  two 
indexes- -while  net  noncurrent  assets  have  been  declining,    capital  consumption,    com- 
puted as  above,    has  been  rising.    Mr.    Vatter  of  the  University  of  Chicago  School  of  Busi- 
ness pointed  out  that  one  explanation  of  such  behavior  is  the  tendency  of  some  business 
firms  to  enter  allowances  for  depreciation  on  the  basis  of  income  rather  than  any  objec- 
tive measure  of  capital  consumption.    An  additional  contributing  factor  to  the  rapid  rise 
in  this  series  from  1941  to   1948  is  the  fact  that  capital  equipment  was  not  bought  at  a.n 
even  rate  throughout  the  period.    On  examining  the  index  of  net  noncurrent  assets,    a  tre- 
mendous rise  from  1919  to  1924  is  noted.    According  to  the  Bureau  of  Internal  Revenue, 
the  average  life  of  packinghouse  machinery  and  equipment  is  about  20  years  (43,    p.    47). 
As  expenditure  on  maintenance  and  repairs  is  in  one  sense  a  substitute  for  investment  in 
new  machinery  and  equipment,    it  would  be  natural  to  expect  that  during  the  early  1940 's, 
when  it  was  difficult  to  replace  many  types  of  equipment,    expenditures  on  maintenance 
and  repairs  would  rise.  ~ 

It  is  felt  that  the  index  of  net  noncurrent  assets  may  overstate  the  real  decline  in 
such  assets.    In  years  when  the  net  change  is  negative  and  in  periods  when  the  price  index 
is  rising  rapidly,    the  "real"  decline  in  net  noncurrent  assets  will  be  overstated.    That 
this  overstatement  may  not  be  large,    however,    is  indicated  by  the  fact  that  the  capital 
assets  of  the  four  largest  firms  in  the  industry  in  current  dollars  were,    in  1947,    approx- 
imately 20  percent  below  the   1929  figure.    A  packinghouse  economist  also  pointed  out  that 
the  percentage  of  total  assets  engaged  in  meatpacking  operations  is  smaller  today  than  it 
was  in  1919.    It  would  seem  then  that  capital  input  has  fallen  at  least  as  much  as  is  indi- 
cated by  the  index  of  cost  and  return  to  capital  and  perhaps  as  much  as  is  indicated  by  the 
index  of  net  noncurrent  assets.    To  be  on  the  safe  side,    the  index  of  cost  and  return  to 
capital  is  used. 

Indexes  of  Value  Added 

A  deflated  value-added  figure  for  both  estimates  A  and  B  was  obtained  by  subtracting 
from  the  deflated  sales  series  the  deflated  cost  of  the  input  of  livestock  and  supplies 
other  than  livestock.    From  this  deflated  value-added  series  an  index  of  value  added  was 
comiputed  by  expressing  the  value-added  figures  for  all  other  years  as  relatives  to  the 
1929  comparison  base.    The  value-added  index  is  presented  in  table  8. 

Weights  Used  to  Combine  the  Input  Indexes 

In  table  9,    an  aggregate  income  statement  for  the  meatpacking  industry,    derived 
from  Census  of  Manufactures  data,    is  presented.    The  price  weights  used  in  constructing 
the  cost  of  total  input,    as  presented  in  the  section  beginning  on  page  8      are  taken  from 
this  table. 

In  table   10,    the  price  indexes  used  to  deflate  the  items  in  table  9,    which  are  referred 
to  throughout  the  appendix,    are  presented. 
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TABLE  8. — Index  numbers  of  value  added,  by  estimates  A  and  B,  specified  years,  1919-47 

(1929  =100) 


Year 

Estimate 

A 

Estimate  B 

1947 

149 

62 

17 

31 

100 

142 

157 

102 

109 

1937 , , 

145 

1935 

73 

1931 

S& 

1929 

100 

1927 , =. 

76 

1925 

103 

1919 o 

79 

TABLE  9. — Value  of  sales,  cost  of  livestock  and  other  supplies,  wages  and  salaries,  and 

return  to  capital,  specified  years,  1919-47 


Year 

Value  of  sales 

(1) 

Cost  of  live- 
stock 

(2) 

Cost  of  other 
supplies 

(3) 

Wages   and 
salaries 

Cost   and  return 
to  capital 

(5) 

1947 

1939 

1937 

1935 

1933 

1931 

1929 

1927 

1925 

1923 

1921 

1919 

Million 
dollars 

9,217 
2,648 
2,786 
2,362 
1,490 
2,181 

3,435 
3,057 
3,050 
2,586 
2,201 
4,246 

Million 

dollars 

6,862 

1,768 

1,865 

1,411 

1,489 

2,446 
2,247 
2,259 
1,185 
1,807 
3,099 

Million 

dollars 

1,368 

519 
619 
145 
351 

529 
417 
366 
311 

684 

Million 
do  LI ars 

623 

223 
180 
142 

221 

211 

218 
269 

Million 
dollars 

354 

179 
■      151 

240 
214 

-     194 
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TABLE  10.. 


•Index  nuBsbers  of  prices  for  the  meatpacking  industry,   1919-50 

(1929  s=  100) 


Year 

Wholesale  meat 
prices-'- 

Prices  received 
by  farmers  for 

i      ...   9 

Producers ' 
goods ^ 

Average  an- 
nual earnings 
of  all  em- 

Prices of  capi- 
tal equipment 
used  in  meat 

meat  animals'^ 

ployees  of 
packing  firms 

packing 

■   (1) 

(2) 

■    (3) 

w 

(5) 

1950 

1949 

200.6 

171.4 

1948 

216.8 

232.9 

182.7 

193.9 

1947 

195.4 

212.3 

168.0 

207.2 

170.6 

1946 

133.7 

160.0 

131.2 

145.4 

1945 

98.8 

133.5 

115.4 

127.0 

1944 

97.3 

122.6 

112.5 

—- 

124.5 

1943 

101.1 

131.0 

110.3 

120.0 

1942 

102.5 

120.0 

105.8 

■■ 

116.6 

1941 

82.9 

92.3 

94.3 

104.7 

1940 

67.2 

69.7 

84.5 

102.8 

1939 

70.8 

71.0 

82.1 

~  99.9 

100.2 

1938 

76.4 

72.9 

100.2 

1937 

90.8 

83.9 

93.1 

98.7 

101.4 

1936 

80.5 

76.1 

96.1 

1935 

86.6 

74.2 

83.1 

86.4 

88.2 

1934 

57.7 

43.9 

78.6 

87.1 

1933 

45.8 

38.1 

68.4 

73.3   - 

73.0 

1932 

53.3 

40.6 

64.9 

75.9 

1931 

69.1 

58.7 

73.2 

93.1 

86.7 

1930 

90.2 

85.8 

S^.5 

95.9 

1929 

100.0 

100.0 

100.0 

100.0 

100.0  • 

1928 

98.1 

96.8 

101.6 

- 

101.7 

1927 

85.0 

89.0 

100.4 

100.2 

100.6 

1926 

91.7 

94.2 

103.8 

102.7   ■ 

1925 

B5,5 

89.7 

108.6 

97.7 

105.1   • 

1924 

69.4 

70.3 

106.5 

106.9  • 

1923 

69.8 

67.7 

110.4 

93.2 

102.9 

1922 

70.2 

72.9 

102.2 

89.5 

1921 

70.9 

68.4 

101.6 

-,  96.5 

110.9 

1920 

99.0 

110.3 

161.4 

159.6 

1919 

107.8 

133.5 

142.1 

96.1 

109.3 

■"■  Bureau  of  Labor  Statistics. 

^  Department  of  Agriculture. 

^  National  Bureau  of  Economic  Research. 
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